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PREFACE. 



Although the theory of central heat an4 
the former igneous fluidity of our planet have 
been much dwelt upon in the following pages, 
the author trusts that he will not be considered 
so attached to these views as not to be ready to 
reject them and embrace others which may afr 
ford a better explanation of an equal number 
of observed facts, should such be brought for- 
ward. It can only be amid a thousand errors, 
and by a determination to abandon our precon- 
ceived opinions, when shown to be untenable, 
not by pertinaciously adhering to them because 
we have once adopted them, that we can ap- 
proximate towards the truth. By strictly ad- 
vocating a particular theory, prominently dis- 
playing those facts only which may appear to 
afford it support, we are in perpetual danger 
of deceiving ourselves and others. Facts of all 
kinds, whether in favour of or against our 
viewfi, should be honestly brought forward, in 
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order that those whose opinions are unpreju- 
diced may fairly weigh the evidence adduced. 
As when we approach simplicity we gene- 
rally approach truth, the author has in the fol- 
lowing researches been always anxious to seek 
for a simple cause, explanatory of several facts, 
such as the former igneous fluidity of the earth, 
rather than adopt other views which may have 
more novelty though not the same simplicity to 
recommend them. In doing so he may, indeed, 
not always have succeeded in referring effects 
to the right causes, but he trusts, should his 
conclusions be found erroneous, that he will 
iiot be accused of any unfair advocacy of opi- 
nions, suppressing or only half stating facts for 
the purpose of rendering any given hypothesis 
apparently more tenable than another. 
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CHAPTER I. 

1 HE sun and the known planets of our solar system 
are of different densities; it therefore follows that 
the materials of which these bodies are respectively 
fcHrmed are either different, or do not exist under 
precisely the same conditions in each. Hence a given 
density is not necessary to the existence of a planet ; 
and, consequently, there is no argument, it priori, 
.against the supposition that the density of a planet, 
.such as the earth, may have changed during the lapse 
of time. 

There is no direct evidence to prove that the mat- 
ter of the other planets either differs from, or is the 
■9ame with, that of the earth. It can only be as- 
sumed that, in accordance with the simplicity and 
grandeur of design manifested in the Creation, the 
general character of such matter would not materially 
differ, precisely as we see an infinite variety of ionA 
produced by the combination of a few elementary 
Bubstances in animals and vegetables. 
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Assuming therefore — and it does not appear un- 
philosophical to do so — that the matter of the planets 
does not materially differ as respects its general cha- 
racter, there must be sofne agent or force counter- 
acting the effect of gravity unequally in each of these 
bodies; otherwise a large planet, such as Saturn, 
would not be less dense than the earth. When such 
an agent is sought, heat readily presents itself as ca- 
pable of producing the effects we endeavour to ex- 
plain. It is capable of changing the density of all 
bodies, and we have every reason to believe that all 
ponderable matter would become gaseous, if the heat 
applied to it were suf^ciently intense. The effect of 
gravity on the surface of the sun has been estimated 
to be so great, that a man, if he could be transported 
there, would be crushed by his own weight. Yet the 
density of the sun is comparatively inconsiderable. 
It has therefore been inferred that great heat exists 
in the interior, enabling it to resist the enormous 
pressure jexerted upon it*. If this mode of reasoning 
be applicable to the sun, it would also appear appli- 
cable to large planets, such as Saturn, the density of 
which is considered not much to exceed that of corkf. 
Now, if it be probable that considerable heat is an 
antagonist force to the pressure, from the action of 
gravity, of the matter of Saturn towards its centre, 
preventing that density which it would otherwise pos- 
sess,, there seems no reason, it priori, why consideiw 
able heat should not exist in the interior of the earth, 
modifying its density. Hence, if this mode of view- 
ing the subject be correct, and assuming that the 

* lUr«chel, Treatise on Astronomy, p. 239. IbUL p. 27S, 
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matter forming our planet 10, on the whole, much 
the same as that composing another, variations in the 
density of the planets are greatly due to the different 
intensities of heat in each. 

That many of the planets, at least all comparatively 
near the sun, possess atmospheres, seems nearly cer- 
tain. Assuming this to be true, we have proof that 
matter exists at lea^t in two states in these bodies. 
There is, therefore, no great difficulty in advancing a 
step further, and in considering that matter may exist 
in the solid, liquid and gaseous state in all the planets. 
How far this may also be the case with those minor 
bodies termed satellites is another question. It is 
commonly supposed that our satellite, the moon, has 
no atmosphere; there is, however, some difficulty, 
when we regard the volcanic character of its solid 
surfiau;e, in considering this absolutely true. Sir John 
Herschel has observed appearances on the moon's sur- 
face which justify him in concluding, that on some 
of the lunar mountains there are " decisive marks of 
volcanic stratification, arising from successive deposits 
of ejected matter*." Now the volcanic eruptions of 
the moon must be very different from those on the 
surfeu^e of the earth, if they be not accompanied by 
the evolurion of gas. If gases be evolved in lunar 
volcanic eruptions, gravity necessarily brings them 
down on the moon's surface, and they can only dis- 
appear from thence, either by combining with liquid 
or soUd matter, by the influence of intense cold, or 
by the effect of considerable pressure. Pressure on 
the moon's sur&ce can only arise from the attraction 

HeiKbel* Treatise on Astronomy, p. 229. 

b2 
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of the moon itself, and therefote must be altogether 
misuffiicieiit to produce the effect required. Combi- 
nation ^with liquid or solid matter must necessarily 
depend upon chemical affinities, so that, if there be 
any general resemblance of the matter of the moon 
to the matter of the earth, we should consider that 
some of the gases evolved would at least require time 
to combine with the superficial liquids and solids. 
If, therefore, volcanic eruptions were moderately fre- 
quent, gases would be found on the moon's surface, 
provided the temperature were not too low, on the 
same surface, for more than their momentary exist- 
ence. 

If there be any truth in the calculations of Baron 
Fourier, that the planetary spaces have a temperature 
= — 58^ Fahr., comparatively small bodies, sueh aa 
the moon, would radiate their heat sooner than large 
bodies, such as Saturn, supposing the various planets 
and their satellites to have been formed at the same pe- 
riod, — to have possessed an equal temperature, more 
elevated than that of the surrounding planetary space, 
— and to be composed of similar matter. Upon this 
hypothesis the moon and the earth could not lon^ 
preserve equal temperatures, the former becoming 
colder than the latter ; so that great cold might exist 
on the moon, while the eartii was comparatively warm. 
We might, viewing the subject in this light, suppose 
the temperature on the sur£eu;e of the moon to be so 
depressed as to prevent the exiflitence of an atmo- 
sphere, were it not for the influence of the solar rays., 
which must, at least on those parts of the moon's sur- 
face exposed to the sun, counteract the effects of the 
cold in the body of this «atelUte« supposing such cold 
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really to exist TheEe is, therefoEe, some difficulty 
in coDsidezing the mooo to be totally devoid of ^^ 
seoua matter on its smface, if volcanic action be still 
frequent upon it» as certain appeazanoes 'would lead 
us to conjecture. 

The white spots on the poles of Man are, it is imi^ 
gined» due to the presence of snow, ** as tiiey disap- 
pear when they have been long exposed to the son, 
and are greatest when just emeiging from the long 
night of their polar winter'*'." Now, if this opinion 
be founded on poobability, it goes far to show that 
the inorganic matter on the surfiace of Mars may be 
similar to that on the suif ace of the Barth, and obe^rs 
. tlie same laws. 

It by no means follows, if even the jdanets be oom^ 
posed of somewhat amilar materials, chemically con- 
sidered, that all the bodies of our solar system are 
formed of nmilar matter^ We have |dseot evidence 
to the contrary in the luminous envelope or atmosphere 
of the Sun, unless indeed we suppose some of the laws 
governing matter on the great scale to be brought, 
by design, into via^e and intense action on the sur- 
face of the sun, ioft the benefit of the various bodies 
which hold theajt courses round it, while the same 
laws are in a feeble state of activity, or dormant, in 
these bodies. Be this as it may, it does not follow, 
because a body is wholly gaseous or composed of va- 
pour, that ihtense heat necessarily exists in it. A 
highly elevated temperature is no more essential to the 
existence of that strange mass of li^t vapour, termed 
Endce's Comet, than to the existence of our atmo- 
ephere. 

* Hericliel, Trtatise on Astconomy, p. 270. 
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Whether the materials of the planets were, or were 
not, originally, at a high temperature, the forms of 
these bodies seem to require the once free passage, 
junong each other, of the particles of matter com- 
posing them. Now, this condition cortamly does not 
exist at present on the surface oi our earth, at least 
•in those parts of the mineral crust which either pro- 
trude into the atmosphere or constitute the bed of 
the ocean. Hence a great change has taken place 
in the condition of our globe. We caimot, by any 
repetition of such effects as we now witness, conceive 
the possibility of a free passage of the particles of 
matter forming the earth among each other. When 
we suppose that seas can transport detritus from one 
distant'place to another, and remove by their action 
jmy protruding portion of dry land, we assume the 
preexistence of solid matter, and> consequently, that 
the peurtides o{ such matter did not move freely among 
each other. To produce an action of water capable 
of wearing away aolid matter, the water, must eitiier 
flow on land, be projected in the shape of waves on 
diffe, or cut away the ground against, or on which, 
it may rest wlple running in streams or currents. It 
is dear, therefcore, that solid matter must have existed 
before those rocks, commonly termed mechanica], 
could have been deposited; and, consequently, land 
either rising above the seas, or situated at a moderate 
depth beneath their levels, must also have existed, 
otherwise there would have been no iaction of water 
on the land sufficient to have formed detritus. Now 
the cubical contents of the mechanical rocks, known 
to us, is immense ; so that, with every allowance lor 
the production of siliceous and other minerals, from 
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chemical solationfl or combinations, during the de- 
posit of the medianical rocks, there remains a large 
amount of matter that must have existed in a solid 
state prior to the deposit of any mediaaical rock. 
However true, therefore, it may be, that, if time 
sufficient be -allowed, the action of water on land 
would tcfnd to produce the spheroidal form of the 
surfetce of our planet, we are compelled to admit the 
prior solidity of land in such situations as would per- 
mit the removal of solid matter by the action of iv^ater 
upon it. 

There is much difficulty in conceiving the earth to 
have revolved round the sun, as a planet, otherwise 
than with a spherical or spheroidal form. To assume 
diat it was once an irregular solid, of a rough and 
uneven surfece, and that it has been ground subse- 
quently and externally by the action of water into a 
sj^eroid, seems but a clumsy hypothesis at best, and 
by BO means accords with that simplicity which so 
preeminently dis^guishes ell the great works of 
creation. It would, moreover, but iU agree with the 
great mass of geological phBenomena known to us. 
It seems foir to infer that, bdbre the solid surface of 
our globe had been abraded by water on the one hand, 
or capable of supporting deposited detritus on the 
other, such sur&ce was spherical or spheroidal. 
. When we regard the chemical composition of that 
part of the earth which falls under our examination, 
we are struck with the enormous volume of oxygen 
entering into the composition of all portions of.it, 
whether air, water, or solid rock. Oxygen consti- 
tutes about 20 per cent, of the volume of the atmo- 
sphere ; it forms a third part, by measure, of the gases 
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xsompotiiig pnfie Wftlisr ; md is locked ap to an Mv 
mepiBe amount iq the yaziooB rocks vkkh are, viewed 
on the J^iige scale, little else than % mass of oxidixed 
subetances. We shall not be fiar wrong if we esti- 
molie f^licsaa? QQHstituting at leaAt 45 per cent.of tiie 
muieial orost pf our globe. Npw ailicii Ib, aoooffdtng 
to B^rzdius, compounded of 48*4 paxtB of silicaim, 
anjd 51*$ parts of oxygmi. - Henoe» if the ozygea 
i^pnfined hi ailiea alone were tixeoim in its gaseoas 
state intp ^ alvipsphere* the vobime of t^ latter 
would be increased to an immense extent ; and if the 
muy^e BfiVstpuMi^ wepe firc^ from* tte other mineral 
asfffwrnfi!^ iom^^g 8o)id rodcs, and from the waters 
of the gl^be, lAi^ imr^fm would b« enonaoils. 

J]^ i«latiy0 ahandaaiBe erf dtfaer hydrogen, nitve^ 
gen» iBiirbw, atij^iir, of eblfiliiie, ia ^y no means ao 
fj^Qpnidfs^]^ a« that of pxygen, Kydnog^ is knowa 
tio us ai| e^teiiiig into the oomppailipa of all waters, 
^d as mtyfiii: m a connpiwad slate from voleanoa, 
f roni cfuftBi^ ^fBswres in the eqitil. and in districts 
Taf^ef^^oBjL is fenmd* It al^g (epf^eta into the iiompo-» 
sit^qp (tf aofd and aiimbHr ^o^ief^ Wemuet 

me^ssffi Ifks vplnma of hydfogen principally by the 
amoiint qf yn^» eiAer prfS^^it in the atmoephexe, 
iomipg aeap, Ipdt^ aad Tiyera, ot mecJiaaJeally dis^ 
seminat^jMPQBg TOfiktk. As two volumes of hydio<» 
gen unitp wi^ oae of oxfgen in the production of 
water, it ^)lpws» aa ftr as respects the water of our 
plan^l, that the Yolame of hydrogen is double that of 
oa^yg^^- As fhe aquepus vapour disseminated in the 
atmosphere is ponlinually varying, it is difficult to 
estimate its f^Qpiit ; indeed, water so circumstanced 
is little els^ thfw W its passi^ fiom one part to an*" 
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0tber 6f the solid or htpoid snatbot beaendi, so that it 
ca^L seavcelj be said to belong to the atmosphefe, 
though the latter, to answer one of its great objects, 
is msver without aqneous vapour. 

A3£B4rasthe8ttpez€cies of our planet is oonoemed, 
water so predominatot that, at fiist sights hydrogem 
inight ))e consideied as constituting a subatanee of 
flMdce relative abundance than it really does. Before 
we estimate the amount of hydrogen in the ocean, we 
have to deduct tibe amount of salta in solution. TUs 
is no large deduction, not amounting to more Aan 
d or 4 per cent. Regarding the area of tiie ocean, 
and taking its mean dqpth at about three miles, we 
eeitainly have, it must be confessed, an immense to- 
lume of hydpoogen locked iq>. To this we must also 
add, as highly important, the gieat qaantity of water 
meelMiealiy d]fsaeminate4 ^krough rocks. Much of 
this water is, no doubt, merely received from the at* 
mmfiksgiP' ib be a^ain dtsduirged in the ehape of 
springs, ttiQ XQcka only acting as a resenwb for the 
time*; .ss^ certainly a more beantifQl or simple con* 
tmmi0» for the fjertilizarinn of the earth and the snp« 
port of aaumal and vegetable life caimot well be ima« 
gined. There still, howe?^, remnkia a quimtity (d 
(xmi^aled water, whidi in the aggregate must be ^nry 
ooBSideraUe, diieemfflRted tiurcngh rocks. Even in 
tfaeee rodw which merely supply spiings, the amount 
of disseminated water must be enormous ; for tiiey so 
far reaeml^e ilttns, that ^ey are necessarily chai^S^ 
with the 4vsd before they permit it to pass out. 

CepiUAry attraetion must have great power, both 
in |neehaiyi»lly disseminatipg water among rocks, 
and in retoining it in thfis^ when so disseminated ; it 
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therefore keeps them, to a certain extent, saturated 
with moistnre, and assists in promoting a more eqnal 
flow of water in springs. Capillary attraction and 
gravity no doubt cany water down fieur beyond those 
situations where it can be returned in springs, at least 
cold springs, for there are certain drcumstances con- 
nected with those which are thermal, pointing to the 
conclusion that the water thrown up by them may 
have percolated to considerable depths. We may 
fairly consider that most rocks contain disseminated 
moisture, for there are very few which, when exposed 
to the proper heat, do not give out water. Some 
serpentines contain as much as from 12 to 15 per 
cent, of it. Water, moreover, enters .into the com- 
position of several minerals, apparently as a consti* 
tuent part of them ; but probably its amount, from 
this cause, is not of very great comparative impcnrt- 
ance. . 

The quantity of hydrogen locked up in coal and 
lignite would appear to be considerable* According 
to Dr. Thomson, cannel coal contains 21*56 per cent, 
of it. The same author states its amount at not more 
than 4*18 per cent, in Newcastle caking coal, so that 
it varies putteriaUy as a constituent part of this mi- 
neral.. If it exbts highly compressed, and even liqidd, 
as there is some reason to believe, united with carbon, 
forming carburetted hydrogen, in the vesicles of coal, 
no small volume must occur in this state. In this 
account we must not neglect the hydrogen evolved 
from volcanos, either in aqueous vapour, or com- 
bined with other substances in a gaseous form. It 
would appear, however, that the evolution of hy- 
drogen, either from volcanos, or from fissures in the 
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rock, in; the shape of inflammBhle gases Vpi^odnces 
little effect on the atmosphere, so that either the ge- 
neral amount must he inconsiderable, or it unites 
with the oxygen of the atmosphere, when in contact 
with the incandescent matter of volcanos, of exposed 
to an electrical discharge. Upon the whole, we may 
regard hydrogen as the next important substance of 
its class, which enters into the composition of the 
crust of our globe. 

Nitrogen is chiefly important as constituting about 
80 per cent, of the atmosphere. Its existence in ani- 
mal and vegetable life may be considered as secondary, 
that is, derived from the atmosphere in the first in- 
stance. There is also every reason to suppose that 
it cannot be absent from numerous rocks which con- 
tain tiie organic remains of animals that have been 
entombed living, or at least with their flesh upon 
them. We have direct evidence in coal that nitrogen 
forms JEi portion of what may be considered solid rock. 
Dr. Thomson found it to constitute 15*96 per cent, of 
the Newcastle caking coal, and there is good reason 
&nr supposing that this is rather an under estimate of 
the amount of nitrogen contained in some coal, judg- 
ing at least from the abundance of ammoniacal pro- 
ducts given out from the distillation of coal in gas- 
works. 

Carbon, independent of its existence in living ve- 
getable and animal substances, is entombed to a large 
amount in fossil vegetables and in limestone. It is 
contained to the amount of 75*28 per cent, in New- 
castle caking coal, of 75 per cent, in Glasgow splint 

* See Geological Manual, 3rd edit, p. 151, &c. 
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coal» and of 64*72 per cent, in cannel coal. It is, 
however, ih the mass of limestone, occurring on liie 
earth's surfieuse, that we should probably discover the 
principal amount of carbon. If carbonic acid be oom»> 
posed of equal volumes of the vapour of carbon and 
oxygen, the volume of tiie vapour of carbon condensed 
in l^e calcareous strata must be very great. Taking 
the specific gravity of pure limestone at 2*7, and 
estimating the weight of 100 cubic inches of car- 
bonic add at 47*377 grains, every cubic yard of pure 
limestone would contain 17092 cubic feet of car- 
bonic acid gas*. As, however, fimestone is rardy 
pure over considerable areas, we shall probaUy not 
be fer wrong if we estimate the average amount of 
qarbonic acid, locked up in every cufaie yard of Ihne* 
stc^, at about 16000 cubic feet. If, tiierefiore, the 
carbonate oi lime cpnstitutii^ not only the lime* 
stones, but also the ealcaiteona matter disseminated 
throu^ various rocks, were decQnl|>osed over the sur* 
fece of the earth, the volmoe of carbonic adui set free 
would be immense.' 

The carbon in the atmosphere is not oonsideraUe, 
but vrithout it vegetation could not exist. Theod. 
de Saussure ascertained timt 10,000 parts of atmoa- 
jibieno air contained, as a mean, 4*9 of carbonic acid. 
There is a constant discharge of carbonic acid into the 
atmosphere from numerous q»ritigs and fissures in 
the eartht* M. Bischof estimates that 219,000,000 

* This calculation is founded on the specific gravity of a very 
pure specimen of Carrara marble, sent me for the purpose by 
Mr. Chantrey. I ibnnd the specific gravity of an avenige ape* 
cimen of carboniferous limestone from Bristol to be = 2*75, ex- 
ceeding that of the Carrara marble by *05. 

t See Geological Manual, 3rd edit., jfrt. Gaseous Exhalations. 
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pomids of this gas axe evolTed from the vicmity of 
the lake of Laach.in one year, which, taking 100 
cubic inches of carbonic acid to weigh 47 '37 7 grains, 
would give a vcdume of about 1,855,000,000 cubic feet 
of this gas, rising annually into tiie atmosphere from 
an area of a few square miles. These considerable 
evolutionei of carbonic acid are merely local, and 
confined for the most part to districts of andent or 
active volcanos ; yet the collectiye amount of such 
diaehargea of gas horn, the surface of the earth into 
the atmosphere must be far from inconsideral^, more 
particularly when we take into account the mean an** 
nual volume thrown out from volcanic vents them- 
selves. 

Sulphur must be a more abundant substance in 
rocks than, at .first eight, we might suppose. We 
are in the habit of associating our ideas of the con- 
nexion of sulphur and rocks more especially with vol- 
canic products. When so estimated, the amount, 
thou^ often locally great, is, taken generally, not 
considerable. Sulphur^ is, however, widely dissemi* 
sated among many rocks. As a sulphuret of iron, it 
is distributed over the surface of the eardl to a great 
extent, more particularly in those rocks wluch I have 
elsewhere termed the superior stratified or fossilifer- 
ous. rocks*, and in those usually known as trappean. 
In many clays sulphuret of ircm prevsdls to a great 
extent, and not a few organic remains are minerali2ed 
by it. ' Iron pyrites is a necessary and abundant sub- 
stance in those shales whence alum is prepared, and 
tiience named alum-shales. By far the largest por* 

. ^ Se« Oealogicai Maiiual,.ifr^..ClasHfication of Rocks., 
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tion of the ores of copper and lead worked in different 
parts of the world are sulphurets. In the state also 
of sulphate of lime, sulphur is widely spread. Nothing 
is more common than selenite in beds of clay, and 
gypseous masses are sometimes of considerable mag- 
nitude. Not only does sulphur thus occur among 
rocks, but it is also disseminated throughout the ocean, 
sulphate of soda being one of the salts constantly pre- 
sent in all analyses of sea water. M. Eichwald states 
that sulphate of magnesia is a common salt in the 
waters of the Caspian Sea. We may therefore con- 
sider that sulphur is far from being a rare substance 
on the surface of the eaith. 

Chlorine is principally important as disseminated 
throughout the ocean, muriate of soda being the most 
abundant salt contained in sea water, and constitu- 
ting about 2*5 per cent, of the whole saline solution. 
Muriate of magnesia and muriate of lime, other salts 
in sea water, though of minor importance, must still, 
collectively considered, contain a considerable amount 
of chlorine. No small volume of this substance must 
also be locked up in rock salt. When we regard the 
great quantity of matter which has been deposited 
meclianically, and sometimes chemically, in the sea, 
it is rather surprising that there are not greater indi- 
cations of the presence of the chlorides in them than 
chemists have as yet detected. 

Of the other simple non-metallic substances, as 
they are termed, phosphorus, boron, selenium, iodine» 
bromine and fluorine, the relative geological import- 
ance is not very considerable. Phosphorus is prin- 
cipally known as entering into the chemical com- 
position of animals. Human bones contain, accord- 
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lag to Berzeliiis» 51*04 per cent, of phosphate of 
lime ; and the enamel of teeth is stated by Mr. Pepys 
to be composed of 78 per cent, of the same substance. 
As a component part of minerals, phosphorus is rare ; 
but there must be some amount of it entombed in 
various fossiliferous rocks, for the fossil bones of all 
ages contain it. Dr. Turner found 50 per cent, of 
phosphate of lime in a rib and a tooth of an Ichthyo- 
saurus from the lias of Lyme Regis, and 29 per cent, 
in a vertebra of the same creature. He also detected 
24'4 per cent, of phosphate of lime in a fish palate 
-from the carboniferous limestone of Bristol, and 18*8 
per cent, in a palate from the chalk*. 

Boron enters into the composition of several mi- 
nerals, but they are not such as constitute great 
masses of rock, with the exception of shorl rock, not 
unfrequent in some districts, such as Cornwall and 
Pevon, at the skirts of the granitic masses, where the 
latter come into contact with the slates. According 
to calculation, boracic acid would form 1*79 per cent, 
of a shorl rock composed of equal parts of shorl and 
quartz. Boracic acid is also detected in some thermal 
springs. Selenium is only known in such small quan- 
tities as to possess little geological interest. Iodine 
is probably disseminated, though in exceedingly mi- 
nute proportions, throughout the ocean, whence it is 
considered that sponges, sea- weeds and maQy marine 
creatures obtain it : it is also detected in many mi» 
neral springs. Bromine is probably also disseminated 
in all sea water; and Dr. Daubeny and other chemists 
have detected it in many mineral springs. It still 

* Geob^cal Mftnual, pp. 348 and 413. 
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further i^eaembles iodine in its mode of occurrence, as 
it is found in the ashes of some sea- weeds and marine 
unimals. 

Fluorine is of more geological value than the ^akn- 
pie substances immediately preceding, Altering into 
the composition of some minerals wMch form consti- 
tuent portions of great masses of rocks. Fluoric acid 
is found in mica and hornblende, two minerak of very 
gteat importance, particularly the former, as compp- 
nent parts of many rocks, the solid contents of which 
are, comparatively, very considerable, fifteen ana- 
lyses of mica, from various parts of the world, by 
Klajuroth, Vauquelin, Rose and Beudant, afford, as a 
mean, 1*09 per cent, of fluoric acid ; and Bonsdorf 's 
tmalysis of hornblende, from Pai^^as, (a fair mean of 
various analyses of hornblende from different places,) 
gives 1'5 per cent, of the same substance. Calcula- 
tton affords us 0*36 of fluoric acid in gneiss with mica, 
0*54 per ceBt. of the same substance in mica slate, 
0*75 per cent, in hornblende rock and greenstone, 
0*18 to 0*21 per cent, in granite with mica, 0*6 per 
cent, in granite formed of quartz, febpar and hom^ 
blende (sienite), 0*65 per cent, in granite composed 
of quartz, felspar, mica and homUiende, and 0*5 per 
cent, in porphyritic greenstone*. Fluoric acid pro- 
bably also enters, as a ccmstituent part, into several 
trap rocks, difficult to class, but which there is every 
reason to conclude contain hornblende. If, therefore, 
we were certain that all micas contained fluoric acid, 
we might conclude that fluorine was not without a 
certain importance in the composition of the mineral 

* Geological Manual, pp. 440, 441, and 449, 450. 



tiJm the place of Itaorisc waid in eertam mioas. To 
what exteat MHiia nicas prenul ia not exadij knowa ; 
tat tiv^re is always a possibility that, though theb 
fciafksire BBUMuit may now be considered snail, meie 
eiact egcfliBintttioa may fiad it large. Fhior spar k, 
Aoiibliees, the mineiel in whidk the greatest f^aliTe 
amoniit ol tuoripeis detected, but; geologically con-» 
sidered, it is one of little impoitanoe. 
* Of the metaltie bases of the alkalies and earths » 
silieiuBa is the most abundant on the surftuse of onr 
planet; siIk^ entermg so largely into the eompodtion 
both of tiie chemical and mechanical rocks. Aecord*- 
hip to calcnlatbn^, tiliica is contained in the rocks 
enumerated beiraath in the fottowing proportions : 

per cent. 

Gneiss 7006 to 71-86 

Mica slate 61-94 to 73-07 

Hornblende rock .; 54*66 

Chloidte slate..; 63^71 

Talpose able «.«a •••••«••* t.** 79:15 
CompajQ^ ISeiivar m. ^1-00 to eOrOO^ 
Granite ..•^....... 63*96 to 74*84 

Schorl rocl^*.^.. •••.«••*#»# 68-01 

Greenstone 54*86 

Hypersihene rock 59*14 to 61-85 

Basalt 44-50 to 59*50 

Pitchstone 72*80 to 73-00 

Serpentine 42*00 to 43*07 

Dii^age rock 58(42 to 60*56 

In pure quartz rock silica would be the sole ingre- 

* Geological Manusl, p. 440-r443, and p. 4A0 454; 
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dieid;. ViTbea qtu^rte rockis eomposed of equal parts 
of quartz and felspar, silica "would form 82 per cent* 
of the constituent parts. It is also abundant in the 
Tocto of decidedly mechanical origin. The greater 
part of the immense mass of conglomerates, sand- 
stones and slates known as grauwacke, is composed 
of silica. The same with the old red sandstone (if it 
be considered a separate rock from grauwacke), the 
coal measures, the various rocks known as the new 
if^d sandstone, numerous beds of sandstone and clay 
in the oolitic group, the Tarious sands and sandstones 
of the Wealden rocks and of the cretaceous group, 
and numerous rocks of the supracretaceous group. 
Jt is often disseminated among the calcareous beds 
themselves, even to a considerable amount. This is 
"well seen in portions of the chalk where the flints 
constitute nearly one third of the whole mass. Many 
other limestones contain silica, as the lime-burners 
sometimes jfind to their cost, the lime and the silica 
forming, from the heat of .the kiln, silicate of lime. 

Next to silicium,. aluminium would appear to be the 
most important base of the eardis on llie face of the 
globe. Its collective amount is by no means so great 
as that of silicium, but it is quite as widely spread. 
Even limestones are rarely so pure as to be without 
it ; many indeed contain it in considerable quantity, 
and are valuable for water-setting purposes in conse- 
quence. By calculation'*', alumina would exist in the 
rocks enumerated beneath in the folloimg propor- 
tions : . 

• Geological Manual, Art Inferior Stratia^d Rock», and Ua* 

«tradfi^4.]io^ ^ 
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pOT 06llt« 

Gneiss •• 15'20 

Mica slate ».... ^3*08 to 16'4S 

Hornblende rock 15*56 

Chlorite slate 8*95 

Tfldcose slate 13*20 

Compact felspar 1 5 -00 to 30*00 

Granite 10*37 to 14*32 

Schorl rock 17*91 

Greenstone 15*56 

Hypersthene rock .*..»••....«...• 10*59 

Basalt 1.1*50 to lj5*7^ 

Pitchstone 10*84 to 11*50 

BiaUage rock ,. 13*14 to 13*86 
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There is scarcely any among the mechanical rocks' 
that does not contain alumina. It constitutes the basey 
as is well known, of the various clays, and must be i^* 
gaxded as a very abundant and important constitaent^ 
part of rocks. 

Potassium and sodium appear to be the next most 
important metals, of their, class. Potash is more abii]l« 
dant tlian soda as an ingredient of rocks, and can only, 
notwithstanding i^ .name, be considered as existing 
in a secondary -pondition in vegetation, that is, ^cc 
poitash qi plants is derived from the decomposition of. 
rocks Gontaining.that substance. Though very widely 
disseminated, its amount, collectively considered, iiv 
very inferior, to that of siHcium and aluminium. Hieret 
aiee' few, if any* of the inferior stratified rocks without 
jftotash; andit.may be stated, as a hax approximation- 
t^ the truth,. diat it constitutes from 5. to 6 per cent; 
of suck rocks, dewing them in the mass. It is moi^ 
or leM abundant^ according to circumstances, in< al^ 

c 2 
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most all the deddedlj detrital rocks. Indeed, we can 
scarcely consider it otherwise than present in the 
greater proportion of mineral masses. It may be cal- 
culated that potash constitutes between 6 and 7 per 
cent, of the mass of granites, and a,bout 7 P^ cent, 
of greenstone and rodos of that ckss. 

Sodium is chiefly important in xopks from its 
presence in cerUun felspars, thence named soda fel- 
spars : these constitute a component part of certain 
of the gneiss £unily, and of granites. Soda is found 
in schorl and certain hypersthene rocks, in some 
eurites, in trachytes, pttchstones, basalts, and some 
diallage rocks. Beudant found that it amounted to 
5*9 per cent, in a basalt from Baulieu. Hiere can be 
little dioubt that a large amount of soda is thus locked 
up io rocks, particularly when we include the masses 
of lo^k salt, discovered in diffisient paxts of the world $ 
but it would appear to be most widely desseminated 
Vk the ocean, constituting an essential part of the 
principal salt dissolved in its waters. 

Magnesium and cakanm are the substances which 
^jppear to succeed in importance : of the two, mag- 
mesium is probably the most abundant. Magnesia is 
yreaent in all the infeiior stratified rocks, with the 
eatception of quartz rock (witiiout mica) and certain 
•itiTtes or compact felspars. In the detrital rocks it 
is also common, particularly when mica forms any 
0onsideraU.e portion of them. There are few lime- 
stones which do not contain magnesia : in some it is 
abundant, as in thoae termed magnesiMi limestones. 
It is. an essential ingredient of dolomite, properly so 
called, oarbonake of magnesia constituting more than 
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40]^ bent, of tiiat A>ck. Magnesia Li also disMimi- 
nated throtigh thie waters of tiie ocean, niuriate of 
magaesta forming irokn '004 to '005 of tiieir mass. 

The relative value of calcium is more afiparefatin the 
mate lAodem than in tlie more ancient rocks ; Ibr al« 
Aough it is always found in gneiss, nnca slate, chloritife 
slate, talcose slate, clay dbte, eurite, and homblendia 
rock, it is always in very sihall quantities, witii the exv 
ception of the last, in which it amounts to 7'29 p^r 
cent.; taking the others as a whtole, it would not fortt 
mdrfe tiian '55 per cent.of tiie mass. In this asccbuntwe 
have n^lected the limestones and dolbmites associate 
with the inforior stratified rocks. They foirm la very 
small portion of sudi rocks^ «ad would not add gf^ttd^ 
to their collective amount of iime ; but they are im« 
portant,a8 the Ume exists as a carboruate in tb«m, whilft 
in the others it is in tiie condition of a silicate. lame 
is found in all graiiites, and With tiie excej^tion of tivs 
granite with hornblende, in vary small qnantitiM. It 
is also discovered in greenstone and all tneippean rbbka^ 
in h3^rsthene rock, basalt, pitchstone, serpentine^ 
diidlage rocki and trachyte. There has been occasioik 
.ds^wh^e to rfetiiark*, that the relative fnsibiiity 61 
the igileeils rdcks dqiends ixpaa the ainount of sificaf^ 
of Hme found ih thism, and tiierefoire that rocks cfdrs^ 
taining much hornblende or abgite are moi^ ieadiif 
aeted on by hedtflian the others. LAhe is mote abbu* 
dant among tiie fossiliferbus rocks, particularly to^ 
irardfl the central and higher part of the sdies, when 
it bbiefly exilsti as i earbonJEtte. LiAie is also diisnemii 
niited tfarpu^h sea w&ters, though in small quantities t 
so thatealciunl is widely distributed in Iknd and vnttfsh 

* Oeblbgical Itftnuai, ^. 454. 
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h&ng princqnlly abundai^t in th& central and higK«r 
"^Tts of the fossiUferous rocks, and widely disperBed 
in.snudl quantities throughout the more ancient rocks, 
j^d jn the waters of the oceanV 
. The other bases of the alkalies or earths, bariam, 
strontium, glucinium, yttrium, thorium, zirconium 
abd lithium, occur in quantities too small to be of 
geological importance, with the exception perhaps of 
lithium, which may be contained in more micas than 
is generally supposed. 

• Of all the metals, the okides of which axe neither 
alkalies nor eartiis, iron and manganese are the most 
important, geologically considered. Calculating the 
mean loi tiiirty different kinds of rock, and neglecting 
iron ores, properly so called, of every kind, iron con* 
fititutes, as an oidde, 5*5 of the lowest stratified rocks, 
sonountiog to 14*72 per cent, in mica slate with gar- 
nets, and 15*31 per cent, in chlorite slate. It forms 
12*62 per cent, in hypersthene rock, and about 20 per 
cent, in basalts. Oxide of iron constitutes between 2 
^d 8 percent, of the mass of granites and gneiss, and 
between Sand 4 per cent, of the massof greenstone and 
tiie more common trappean rocks. When we consider- 
the l&rge amount of iron which exists either in thestate 
of an oxide, a carbonate, a caiburet, a silicate, or a sul^ 
phuret, therefore including all iron ores of importance^ 
and also regard the proportions which the various rocks 
bear to tech other, we shall probably not err greatly if 
wre estimate iron as constituting about 2 per cent, of 
the whole mineral crust of our globe. It is remarkable 
that manganese is almost^ though not quite, as widely 
disa^nioated, through rocki^ as iron, tiie proportionft 
in which it enters into their oompoation being, how* 
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€ver, much smaUer. There is searcely a rook without 
iron, and there are very few which do not afford some 
trace of manganese ; except, however, in the places 
where its ores are worked, the latter exists only iQ, 
minute quantities. Its calculated amount is greatest 
In mica slate with garnets, where, as an oxide, it forms 
1*23 per cent, of the constituent parts of the rock. 
Takipg rocks generally, manganese cannot bef esti- 
mated as forming more than '03 ot *04 per cent, of 
Hie mass. 

The other metals, such as tin, copper, lead, zinc, 
arsenic, silver, gold, &c., are, when we view rocks in 
the mass, of little geological importance : they are 
principally found in veina. When regarded with re- 
ference to their presence in such veins, and their ger 
neral mode of occurrence, they possess very high geo- 
logical interest, but their relative amount among the 
substances composiog the crust of the earth must be 
inconsiderable. Chromium is so frequently discovered 
among rocks of the serpentine family, that there may 
be some connexion between them, and it is possible 
that the colour of these rocks may partake of the green 
tint of the oxide of chromium. Titanium may also be 
more widely disseminated than is supposed, for it is a 
common accompaniment of iron ores. The manner 
in which it is discovered in some, is a strong proof that 
metals may be widely disseminated, and yet escape 
detection, unless Uu^e masses of the substances con- 
taining them be subjected to chemical action'*'. 

The principal substances entering into the chemical 
composition of our planet's surface may be classed in 

• Minute crystals of dtanium are discovered in the slag from 
large iron works, more particularly from those of Merthyr Tydvil. 
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the foDoiriag order, Acooxdiag to tiie respKectilTe k&» 
portaaoe of each. 

Simple non-metttlUc substances. 



1. (hcygen. J 3. Nitrogen. 



2. Hycbogen. 



4. Carbon. 



5. Sulphur, i 7. Fluorine 

6. Chlorine. | 8. Fhosphonis. 



MetttUk bases ef iks alktdie^ and emihs. 
4. Sodiiitn. \ 6. Calcium. 



1. Silidiifn. 

2, Alumiaivm, 



Metals, the oxides of which o^ neither earths nor aU 

holies. 

1. Iron. I 2. Manganese. 

It would tiierefore appear that sixteen substances^ 
commonly considered simple, constitute by their va- 
rious combinations, if not entirely, at least by hx the 
largest amount of, all the matter which, either gase- 
ous, litjuid, or solid, organic or inorganic, is known to 
exist dn the surface of the earth. 
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CHAFrall u. 

Thbrx is !K> mncli grandeur and simplicity in the 
idea of tlie condensation of gaseous matter into those 
spheres or spheroids which exist, not only in our solar 
system, but ako by myriads throughout the universe, 
that we are irresistibly led to adopt some view ot 
this kind, more particularly as it would accord with 
the unity of design so evident throughout creation. 
Encke's comet, that temarkable body of vapour which 
revolves round the sun in about 34- years, proves, by 
its existence, tha^ gaseous matter or vapour, of extra- 
ordinary tentuty, may float around our great luminary 
in giten tfulu^s, and in t giren orbit, checked only by 
a resisting medium of stSll more extraordinary tenuity. 
There is therefore no argument, hprhrt, against the 
hypotliesis l^at the matter composing our globe may 
once h&ve existed ih a gaseous state, and in that stat^ 
have revolved rouAd the sun. We might even go 
further, anii consider, witih La Place, that our whole 
•olar sye^fcem is but a condensation into parts, doubtless 
from desigft, of thkt matter which now constitutes the 
sun, ihe planets and tiieir satelfites, — ^matter which ro- 
tated on an axis, and hence the ^t that all the planetd 
move in the same direction. Iii support of this view, 
let aAy one wei^ the evidence rec^tly adduced re* 
specting iiebul», more partic^dafly by Sir John tler- 
schel*, aiid he win have some diMctUty in resisting the 
implression that these bodies are enormous masses of 

* PhiL Tnuu., 1838, sad Treatise on Astronomy. 
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matter in the act of ccnuieiiBation. If all the matter 
eyjating in the sun, planets and satellitea were ex* 
panded to« and even beyond, the orbit of Uranus, the 
whole mass would still be but a sp^ck in the uniyerse. 
, -Heat would act the part of an antagonist force to 
the <K)ndensation of the matter composing our globe, 
supposing it to exist in a gaseous state. It would not 
only tend to resist the action of gravity, but also the 
attraction of chemical affinity. Now, if it be highly 
probable, as has been previously observed, that heat to 
a certain extent resists the action of gravitation in the 
5un, Jupiter, and Saturn, there is nothing unphiloso* 
phical in the inference that heat has resisted, and may 
continue to resist, in a minor degree, the action of 
gravitation in our planet. We shall have occasion to 
show, from other reasons, that the latter inference is 
highly probable, and if so, from the nature of things, 
a greater and a previous resistance is not less so. 

The probable effects resulting from a mixture of all 
terrestrial matter in the state of gas or vapour it would 
be exceedingly difficult to appreciate, inasmuch 4ib 
we are unacquainted with the matter beneath the 
crust of the globe; and even if we were, the necessary 
calculations would be so intricate, that it is extremely 
doubtful if our actual knowledge could carry us to ,tiie 
end desired^ Let us, however, for a moment consider 
what might be some of the effects of diminished tem^ 
jperature on the principal substances constituting the 
earth's crust, including the seas, lakes, rivers and 
atmosphere, and see how far the calculated effect 
might accord with the present distribution and con* 
dition of such matter. 

So long as matter exists in the state of gas or 
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tnfom, there is reason to cbnclude lliat tlie difcreBt 
kinds wonld be permeable to dach other; at leaat ex* 
perimentB on gases would lead to this iitferenee. 
Hence, supposing, for the sake of the argument, tihat 
the heat were sufficiently intense^ the simple non- 
metaDio substances, and the vapours of the various 
metals, would tend to mix with each other. Hiis 
condition of things would not continue to the eztemal 
part of the sphere or spheroid, the existence of which 
'We now suppose ; for'the temperature would become 
less, from various obvious causes, at the outer parts^ 
and the vapours of a great proportion of the metals 
would cease, from want of the necessary heat, to 
exist They would tend to condense and to separate 
from the mass of the non-metallic simple substances^ 
neglecting for the moment any chemical affinity whiok 
may exist between the metals and certain of those 
sabstances* A condensation of the particles of me«' 
talEc vapours would cause them to lose their support 
among the particles of gaseous matter, and the action 
of gravity would tend to cany them towards the cen^ 
tre of the sphere; but as they could not pass beneath 
the point where the heat would again convert tiliem 
into vapours, we should obtain an inner sphere of 
tphennd of metallic- vapours, striving to condense^ 
feormounted by a body of Hie non-metallic simple 
tabitanoes, which could readily exi8t> some even to 
the extreme superficies of the whole sphere or sphe^ 
AMdfit a greatly inferior temperature** We must 

^ It is not intended to infer from this view that the non-me* 
UHc simple substances could not exist beneath, or intermingled 
with the inner sphere or spheroid; but merely that a mais of tuehi 
KAntiiic^ ro«e above it fxtemaUy* . 



tfeot ikift n^toct. tbe lustioit of fgmAtif, It has* beeft 
sMutonodf tii|tt tfac tonit bcm^Miffiownt to coimt^?act 
Ada aotioii li) n oertiMm aMnwt, «U teixtatrml matter 
tvifis gfUBtsow, Tiie stomigjlasle biBtwden these antafjOBibt 
foKcesVprndd .life moet^woM^ fnr «s Ae voloriae of 
^Meoits fliiids isinveraely as thepreemre to whidk tibej 
a^ ^xpoeed, thfe presMre upon Hie interiifd pcnrtaom of 
tiie g!iis^oii$ t^^kiut or s^ieinMd woaM be enoraiovEib 
slod .tbdacefeie« . 'wfaea* 'froni tbat rediatioii of btet "wbieii 
BLUfit tike ftoce into thetsold fiamttaxy tpoees, gravity 
came fordUy into^adioii*, lif oids imd «olid8 would ae^ 
ceesarily resldt fiinn tiiis tittHfle alolie, andpaitidefe of 
nmtter be «fUieezed togetiier, oTenr i]&to liqmdB and 
solids, m tfife interioir, "vdiifik would retain a gaseous 
lonn on tibe surfteiee at tiie saa^ Or higher teinpera* 
t^ireSi 

If "WB cobfiider that the afttraiKson of cldorine for 
metelfei is ^;reater than that of oxygen, it does not at 
fiBt sight ^peal: probable tiwt .nirfaen a dwniniathfed 
teiiik{ierat^ne. .pexuutted tiio metala to beconife ettlier 
liq[md dr sotid, Jiiey shonid unit^ with oxygen^ (as irt 
find ha4 been "te eiatf^inth^ massoftfaeoMerrooks^) 
in ^teference to chloifine» wheh botit i^ere . ei|udyiy 
pveaent^ ind^fiendeBtilj^ of aiiy cmnbinatMms formed 
yrhen the mtstals ^rere in a slati of Tapour. Ai a 
oonsti^uei&t part of the globe's sufface^ fhb Tohmte off 
chlorine is greatly ivit^r to dsat of oxygeBi if bbtJi 
only e^ted in a gateons statoi 
. It is considered tiiat ddoxiile and hydrogeni in tite 
dark and at common temperatures, may remain toge- 
ther, as gases, for anylength of tiihe withoutcdiiibining, 
fiotwiUiatanding the powerful affinity of the former for 
the latter, which is so great tilat cUoirine win de66m« 
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posewatei&by theaolkNi oflig^ to unite ^riti^hTdvo** 
fjSSL In the cm^ ve have aimi>p»e<l thwt mliiitBnott 
would no^erbeia the.daik» nor expoted to ]av teni« 
pemtoMs. Tkey ^voaU, koveiwr, not be atont to* 
getber; tfa6^> wculd be nszedifidi other siapk a«n- 
metaMie bodiee end with mfihillirr yafoaxM. NoiW' if 
cUorine iboiiid vnite, wl comeqeenoe of iti great 
attmetion for metafe, ^ritb their xi^oar^ the umm 
wooU probably not eoatinoe after tiie iarmation el 
irateroraqueovuiTiqpoiiir. For, if the nopt aluandailt 
nelalB should have a atrong affiiufey for oxygen, aa 
liliciuiB, ajfoniiaium, potaaaiuni, aoc&iai* «M>g»i*^'Miffi, 
ftad calcium bave» the vater or aqneonaypour would 
prohaUy be deooisapoaed, tbe hydrogen going oirc^to 
the chloTine, and tile oxygen to the metak Thua 9k 
bige amount of the ohloa^ea -would disappear, and 
oziieswouldbe abimdant^ independendy of tbe direct 
focmatHHi of the latter- by liie unaoii of oxygen with 
tiiemetalHc beaea of tiie eartiia and i^lkalies. The 
uioB of the chlorine' and l^dsogen would form mu* 
tialic acid gaa. Ite eombhaation once fonned> the 
^ake of chlonne over oxygen in ita attraotlon for me* 
tab IB destroyed, and the two latter can freely unite, 
astiiey-baYe done* m the production of great maMea 
of rock, which are, as haabeen previoualy noticed, littib 
eke than meteUic oxides. 

The absence of the ehlorides from rock masaes, (if 
ve except rock salt, the production of whioh must be 
eonadered as resulting from secondary tgenoy,) is very 
lemarkable, and agieea with the abovc^ hypothesis. 

Hydrogen unites wilbfew metaja, and among them 
potaasium is the only one of inqKMPtanoe to oar present 
tiib]ect. It, however, posaessea. a strong attrafction 
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Ibr oxygen. Although it does not iiiiitewitliOKjqgeft, 
even when mixed in the proper pvoportion of two to 
one, at ordinary temperatures, except by the electiic 
spark, by flame, or a body heated to bright redness, 
it nevertJieless does quietly combine with that sub* 
stance, when theyaieeaqposed to a temperature above 
the boiling point of mercury, and bdow that at whick 
glass begins to appear luminous in the daik. Hydro- 
gen also silently unites with oxygen; by a succession 
of electric sparks, when diluted with too much air to 
explode by the same means ; and spongy platinimt 
causes hydrogen, to combine slowly with oxygen, evea 
when mixed with one hundred times their bulk of 
oxygen gas*. The power of oxygen and hydrogen 
gases to unite quietly, even when mixed beyond the 
proportions in which they exist in water, without the 
necessity of explosion, is an important consideration 
in our present inquiry, because it seems to point out 
the possibility of pxodHcing water by slow me»BS 
when a large amount of oxygen, a less propoitiDn of 
hydrogen, and a stU less amount of nitrogen nfere 
mixed together, with mioor proportions of a fenv. othev 
substances ; in fact, under conditions which might 
exist in the exterior parts of the gaseous sphere or 
spheroid under consideration. • ^ 

If water or aqueous vapour were produced^ eith^ 
qui^y by some such means as those above noticed, 
or more suddenly by explosions, it would be speediljp 
seized upon by the muriatic acid gas, from the well 
known powerful affinity of the latter for water ; an 
attraction so strong, that the mere escape of this gas 
into common air causes a dense white cloud, from its 
* Tiinier*B ElemsnU pf Qlneaaajtj, 4th e4it> ^ 2,19^ 



ImiAediate combjnataon mth the aqueous vapour in 

the atmosphere. 

Wh^- we view, the present distribution of the prin- 
c^mJ substances oonstituting the earth's surface. in« 
eluding the ocean, we are strack with the ftct, that 
viule sodium exists both in rock and water, it is 
jvincipally. as a chloride in tiie latter, while it i» 
united with oxygen in the former. Indeed, the mass 
of chlorine is combinedwith sodium and dissolved ii| 
the waters of the ocean, for rock salt is a secondar)^ 
(Miction, not found in the oldest stratified rocks, 
Chloride.of sodium is also not uncommon in mineral 
aprisga. The chl(»ine of marine vegetation can onl}c 
be considered in a secondary light, and cannot enter 
into our present cakulatiqiis. Jt does, therefore, seem 
probable that there was once a condition of the globe 
vhea chlorine by combining with hydrogen and eo^ 
diam, and hydrq^n by uniting with oxygen, laid the 
foundation of the actual ocean, omittLogfor the pre« 
sent the consideration of the muriates of magnesia 
sod lime, which, yith sulphate of soda, also exist la 
puuor proportions in the wateirs of the sea. It is 
worthy of observation, that however hypothetical the 
gaseous condition of our planet may be, it does not 
dkectly oppose any serious obstacle to the production 
ofan ocean in which the great amount both of hy- 
drogen and chlorine should be combined ; for even 
supposing that, from intense heat, such combination 
would not in the first instance be absolutely liquid, 
it must necessarily become so when the radiation of 
heat was sufficiently advanced to permit the existence 
of a moderately cool solid beneath it. By this hypo-* 
thesis we at once dispose pf the chlorine and h^drov 
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gen; for the latter, Vkb libe htmet, oalf eadtts fai a 
secondary condition among rocks. 
' Nitrog^i presents little dtteulty. It seesa prin- 
cipattjr designed to corred an excess of oxygen in 
the atmosphere, and to enter into the oompodtion of 
Certain of the organic substances whioh exist ha it. 
Hence, probably, the reason why Hilrojgen does ndt 
Constitute a portion of masses of iroft,* except whole 
they contain organic remains. From the begiiming, 
hitrogen, viewed hi the large scale, wonld probably 
not combine to any extent vn!&k Hquida or solids* 
until the atmosphere was finaHy fitted for the exist- 
ence of animal and vegetoble ]^. When orgaa^D 
exuviae were entombed and became portions of rooks, 
hitrogen also entered into the compositicm of the nd- 
heral strata. It does not occur as the component part 
of the older rocks. 

Carbon is so tare among the dder rocks, that under 
whatever conditions Ihey have been produced, some 
bar to its union with fiie Ume, magnesia, potash^ soda 
and other substances contained in them must have 
existed, even when it was combmed with oxygen in 
the shape of caibonic acid. Carbon would, under the 
conations we have supposed, most probably comUae 
with oxygen, and profhice this acid. Now the ab- 
sence or, rather, comparative rarity of the carbonates 
among the older strata, and the prevalence of ^e si« 
Hcates in the same rocks, seem to point to tte pre- 
valence of considerable heat at the time when the 
minerals composing them were/r»^formed; for though 
the carbonates can be readily fused beneath p ressu re , 
the necessary force must first exist, and the state of 
we have been contemplating wouM scaredy 
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liennit this» at least at the begm&ing, or on the outer 
portions of the sphere. Supposing an union of car- 
bon and oxygen in the proper pcoportions, and car- 
banic acid the result, being gaseous, it would readily 
permeate the other gases and vapours, and would 
have a tendency to float, mixed with them, in the 
ha^iet or outer parts of the sphere or spheroid, while, 
from the radiation of heat, consolidation was proceed- 
ing in the inner portions, so that it might eventually 
constitnte a conmderable part of an atmosphere prin- 
cqnlly oomposed of nitrog^i and oxygen. As it is 
no part of our intention to conceal difficulties, it must 
he stated that to 8i:q9po8e carbonic acid originally and 
in a great measure confined to a gaseous envelope of 
our planet^ doles not well accord with the production 
of limestones, nor with the evolution of this gas from 
Tolcanos, fissures in the earth, and from springs. It 
would, indeed, accord with the views of M. Adolj^e 
Brongniart, who, to account for tiie early vegetation 
of our i^anet, considers the atmosphere to have once 
been more impregnated with carbonic add than at 
inesent. That this has been the case is highly pro- 
bablfit, more particukxly wh«i we regard the amount 
of carbon oitombed in coal and fosdl plants, which, 
from analc^, we consider to have been principally 
derived from the atmospliaw. To account, however, 
ior various geological phaenomena, we require carbon 
4ia wdl beneatii the crost of the earth as on its sur- 



Siilphur is so readily volatilized, tiiat it would be 
kept in tiie state of vapour, as far as regards mere 
*temp&railure, alter a considerable radiation of heat; 
•tet there nve other conditions that must be consi- 

n 
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dered. The vapour of sulphur would endeavour to 
combine with oxygen, and the result would be aul* 
phurous acid ; and this again, if aqueous vapour be 
present, would become sulphuric acid. The sulphates 
are not collectively abundant in rocks ; they are unr 
known among the inferior stratified rocks, though sul- 
phate of lime is not rare among the fossiliferous strata. 
The vapour of sulphur would also strive to unite vnth 
the metallic vapours and produce sulphurets ; but so 
long as the heat was great, and oxygen present, this 
would be'a difficult combination^for there is a tendency 
in all sulphurets to decompose under such conditions* 
however refractory, in this respect, some sulphurets 
may be when exposed to mere heat. The principal 
sulphurets contained in the older rocks are iron py« 
rites. 

With respect to fluorine and phosj^orus, the former 
has a powerful afOmity for hydrogen; and we can 
scarcely consider it to exist without endeavouring to 
combine, when in contact with it. Phosphorus is so 
little important as a constituent portion of land, air, 
or water, except as a component' part of some of the 
organic exuviae entombed in the fossiliferous rocks^ 
that we might disregard it in a general view like the 
present, did it not constitute so important a part of 
the bones of animals; and hence it is not a litde | 

interesting to inquire as to the manner in which it 
probably existed prior to the period when it was re- 
quired as a portion of organized Hfe. This does not 
readily suggest itself; and it is merely noticed for i 

the purpose of promoting investigation. 

If there be any approximation to truth in supposing 
that the metallic vapours would be arrested, by dimi« 
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nished temperature, at a certain height above the cen* 
tre of the gaseous sphere or spheroid, and an inner 
spherical or spheroidal crust the result, the oxygen on 
the upper surface of the latter would combine more 
readily with the metals than on the under surface, from 
the difference of temperature. The oxides would tend 
sooner to consolidate above from the same cause, and 
to exclude the metals beneath from the action of the 
oxygen, which, from the high temperature of the inte- 
rior, would be hi more dense above than towards the 
interior, where, indeed, even supposing the metallic 
vapours to mix with the other substances as gases do, 
the oxygen would be of extraordinary tenuity. Hence, 
there might eventually be, from the radiation of heat, 
an oxidized solid crust surmounted by a gaseous en- 
velope, in which oxygen was present, covering a still 
heated interior, composed of metallic substances but 
slightly mixed with oxygen and other simple non- 
metallic substances. This hypothesis would therefore 
produce a condition of things that would accord with 
the theories both of central heat and of the existence 
of the metallic bases of various substances beneath the 
cnist of the globe, the oxidation of which may now 
produce many geological phaenomena. ' 

We have been induced thus to enter at some length 
upon the hypothesis of a sphere or spheroid, composed 
of the matter of the earth rendered gaseous by intense 
Jj«at, solely to promote further inquiry. Fully to 
^uss the subject would be most difficult. It would 
require very complicated calculations respecting the 
action of gravity, heat,.electricity and chemical affinity 
uad^ Buch conditions ; but if, finally, anything like 
& fair approximation to the present state of the 

-d2 
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earth's surface could be deduced from such calcula- 
tious, a most important advance will have been made 
in theoretical geolo^. 

Although a free passage of die particles of terres- 
trial matter among each other seems necessary to the 
productkm of the earth's figure, (an object of the first 
geological importance, however convenient it may be 
for those theories to neglect it to which it is fatal,) it 
by no means follows that this matter should have beei^ 
altogether in a gaseous state in the first instancse. A 
gaseous envelope, and a liquid metallic nucleus, would 
produce the effects required equally well, particularly 
if we suppose an internal heat so intense as to prevent 
the oxidation of the metallic nucleus except on the 
surface. An oxidized crust would bar the progress of 
oxidation except tluough cracks and fissures, and thus 
many ^ec^ogical phsenomena would be explained. In 
fiifcct, we should still have a condition of tlungs lavour- 
able to an union of the theories of central heat, and of 
the chemical action of oxygen upon the metallic basea 
of certain earths and alkalies. The mean delisity, 
of the earth being about double that of the oxidized 
mineral crust, it appears too little for the conden- 
sation of the same. kind of oxides by pressure, from 
gravity, towards the centre. We may therefore con- 
sider die interior of the earth to be he«tbd« if metallic, 
in order to account for the density. 

It has been opposed to this view, that potassitun 
and sodium, important substanraet in the earth's crust, 
are too light to produce tilie eifect riequired, the density 
of potassium being only 0*865, that of sodium 0*972. 
Now, if we admit, for the sake of the argument, that all 
mttals are capable of uniting with ea^ other in certain 



k 
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propohions, producing ntuneroiis ftlloys, it does not 
follow tbat they can do so at all teihpenitiiiea ; tJie 
process of obtaining pure silyer by amalgamation is 
a well-known example to the contrary, for though it 
depends upon the affinity of silver for mercury in Ilia 
first instance, this would be entirely useless if the mer<* 
cury could not be readily voladlized by heat, and thus 
leave the silver. Hence, we may not only conclude 
that the more volatile metals, such as potassium and 
sodium., would be driven to the outer portions of the 
metallic sphere or spheroid by great heat, but that 
they would have much difficulty in forming alloys iff 
the temperature be very elevated, and from this cause 
also be driven to the surfiuse, where a large portion 
ci tiiem would readily become oxidized, and possess 
the density of such compounds. Consequentiy, the 
small density of such metals as potassium and sodium 
would have little weight as an argument against the 
supposition of a metallic nudeus in our phmet, one in 
which an elevated temperature still prevails, thus ren* 
dering the mass of comparatively small density, not 
exceeding the mean usually assigned it* 

As we have elsewhere * accumulated the various 
facts observable on the earth's surfece, which render 
such a centrft heat highly probable, it would be 8u« 
perfluous to adduce them here : it will therefore be 
sufficient to state the general results. 1. Numerous 
experiments in mines show, notwithstanding theif 
liability to error from various causes, an increase of 
temperature from the surface downwards, that is, from 
those depths where the action of the solar rays ceases 

* Geological Manual, p. 6—27. 
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to prodoce a variable heat, which, taking the eJEpeii-^ 
menta made in the vaults b^ieath the Obsenratoiy of 
Earn as a guide, would be firom 60 to 80 feet.. 2. Ther^ 
taal springs occur in all parts of the world, and among^ 
alL varieties of rock. They are generally diBcfaarged 
on the surface through fissures or cracks, produced 
by • disrupting causes at various geological periods. 
3.. The temperature of the water in those perfoiadoiui 
into the earth's surface named Artesian Weils,, is 
found to increase with the depth, whence it occurred 
to M. Arago that the temperature of the earth, at 
'different depths might be ascertained by them. 4. Ter- 
testrial taoaperature, at small depths,, does not coincide 
with the mean temperature of the atmoq>here above 
it. Wahlenherg remarks, and Kupffer confirms the ob-; 
servation, that many, deep-rooted plants only flourish 
in the northern regions, because the mean tempera^ 
ture of. the earth exceeds the mean temperature of 
the air. in such situations. The experim^its of Yoa 
Buch, Humboldt, Hamilton, Hunter, Smith and Fer- 
rier tend to show that the temperature of commoi^ 
springs in the tropics is beneath the mean of that of 
the air in l^e same places. 5 . Igneous matter has-been 
ejected at all periods from the interior of the earth* 
6. Active volcanos occur widely spread over the surface 
of the world, and present, in their general phsenomena, 
so close a resemblance to each other, that they may 
be considered as produced by a common cause, and 
that cause deep-seated. 7. Geological phenomena 
attest a great decrease of temperature on the surface 
Qf the globe. 8. The water of seas and lakes merely 
arranges itself according to its greatest specific gra- 
vity, and therefore, in general, would afford little evi« 
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dexice in favour of, or against, central heat. There 
IS, however, an increase of temperature with the deptii 
in many places in high latitudes which does not ae* 
cord with the arrangement of water according to this 
law. It may he assumed that such increase of tem* 
peratore, interfering with the densities, is due to heat 
in the bottom beneath, which, though sufficient to 
produce a visible effect upon waters so closely ap* 
proaching Hieir maximum density as those in high 
latitudes, is insufficient to be apparent beneath warm 
dimates* 9. A decreased temperature of Hie earth 
would, by radiation, and in accordance with the views 
of M. £lie de Beaumont, produce the yarious moun* 
tain ranges and fractured strata f oimd on the surface 
of our planet. 

When all these circumstances are taken into con* 
sideration, and we add the probability that heat 
counteracts the effects of gravity in the sun and 
certain planets, and that the free passage of the par* 
tides of terrestrial matter among each other was ne- 
cessary to produce the figure of the earth, the evi- 
dence in favour, not only of a central heat at present, 
but also of a heat of far greater intensity at remote 
geolo^cal' epochs, becomes exceedingly strong; so 
strong, indeed, that there is some difficulty in resisting 
the impression that we have, by various means, made 
as &ir an approximation towards the truth, as the 
nature of the subject will admit. 

It may here be remarked, as not a little curious, 
that geolo^ts who are unwilling to admit the proba- 
bility of a central or internal heat, still call in the aid 
of very intense heat, acting very generally over the 
earth's crust, to account for various geological phae- 
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nomena. Same go so ftur as to eoniidef that all iStke 
inferior stratified rocks have been depoaite precise*- 
ly similar to those now going on, even to hate eba-r 
tained organic remains, and that their present cha« 
racter is due to the agency of great heat» which pro- 
dnced the necessary alteration. Without stopping to 
notice the physical and diendcal objections to this 
view> it may be observed that the inferior stratified 
rocks being widely spread, with common characters, 
over ihB face of the globe, tiiia hypothesis requires as 
high a temperature, and a heat as widely diffusa, as 
liie advocates for a central heat could possibly desire ; 
a temperature, indeed, which, if this process be still 
considered in full force, would exceed that whidi 
their calculations would afford them. ■ > 

While on the subject of the early condition of our 
planet, it is^ not a little interesting to observe the 
effects of pressure upon gases, as shown by Mr. Fa-^ 
niday*. The following table exhibits the pressure and 
temperature at which the gaseous substances enume- 
rated beneath became liquid in his experiments : 

Sulphurous acid gas 2 atmospheres at 45** F. 

Cyanogen gas ; 3' 6 45® 

Chlorine gas 4 ■' — 6<H> 

.. Ammoniacal gas 6*5 — 50° 

Sulphuretted hydrogen gas. 17 ■ 50® 

Carbonic acid gas 36 32® 

Muriatic acid gas 40 50® 

Nitrous oxide gas.... 50 ■ — 45® 

It is impossible not to be struck with the fetct that 
chlorine gas is liquefied by so small a pressure as that 
of four atmospheres at a temperature of 60^, while 

« Phil. Trans. 182S. 
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muriatic acid gas requires a weight equal to forty at- 
moepheres to produce the same effect at 50^. So that 
while oxygen and hydrogen gases resist all the at- 
tempts which have been yet made to force them into 
8- liquid state, chlorine gas requires but a small pres- 
sure for its liquefaction. This alone is an important 
element in calculations respecting such conditions of 
terrestrial matter as we have above supposed. It is 
ao less interesting, that sulphurous acid gas becomes 
liquid under the very small pressure of two atmo- 
spheres, and that a compound of nitrogen and car- 
bon, constitating cyanogen gas, is reduced to the same 
state by a compressing force equal to 3*6 atmospheres. 
Thus, though oxygen gas aldne cannot by any' 
means yet emplo]^ be compressed into a liquid, it, 
when united with an equal volume of the vapour of 
sulphur, merely requires a pressure equal to two at- 
mospheres, at a moderate temperature (45^Fahr.), to 
produce this effect ; and nitrogen, not yet rendered 
liquid by pressure in its simple state, readily takes 
that fcrm« beneath a small weight, when united wiUi 
twice its volume of the vapour of carbon. Again, hy- 
drogen gas, which m its simple state has resisted all 
attempts to compress it into a liquid, is no soonisr 
united with nitrogen, in the proportion of three 
measures of the former to one of the latter, producing 
two measures of ammoniacal gas, than the small 
pressure of 6'5 atmospheres, at the moderate tempe- 
rature of 50^ Fahr., will force it into a liquid state; 
Now this latter fact is very remarkable, for it shows 
that while a large proportion of hydrogen, by its union 
with a minor proportion of another simple non-metal- 
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lie and, in the respect under consideration, highly re*^ 
fractory substance, produces a readily liquefied com<o 
pound, an union of equal volumes of hydrogen and 
chlorine, the latter the only simple substance of its 
kind easily rendered liquid by pressure, produces a^ 
compound requiring forty atmospheres for its lique* 
&ction. We must not here forget that water, the 
union of two gases which resist all our attempts to 
condense them by pressure, is liquid beneath a weight 
i^till less than that of one atmosphere* 
. Now it is important, in a geological point of view, 
to remember, that a very moderate increase of tempe* 
rature causes gases liquefied by pressure to boil, and 
that the removal of the necessary compressing force 
produces violent explosions in some ; so that if con^ 
siderable heat should act upon certain of these liquid 
gases, carbonic acid, for instance, entombed in an 
uncombined state among rocks at moderate depths 
tinder the surface of the earth, the superincumbent 
matter would be rent and fractured, if the resistance 
above were unequal to the expansive force of the 
heated gas beneath* 

' To produce the lique&ction of the gases enume* 
rated in the foregoing table would require, even for 
nitrous oxide gas, no great depth of rock. To diow 
this more clearly, let us estimate the depth of water 
(neglecting the combinations of the gases with it,) 
necessary for the same puipose, taking the above ex- 
periments to be, if not absolutely true, very close 
approximations to truth. Estimating the height of a 
column of water equal to the pressure of an fttmo- 
sphere, in the usual way, at 34 feet, and neglecting 
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the Baline contents of the sea, «nd the campmmtm 
of the water itself at great depths, both d[ vhioh 
would cause the same effects to be produced at lest 
depths, we find that 

Snlphnrous add gas could not exist beneath 68 feet, at 45<* F. 

Cyanogen gas 123 — -^46<* 

Chlorine gas 136 60* - 

Ammoniacal gas ..«», ••••••••••••••••• 221—- — 50^ . 

Sulphuretted hydrogen gas ••••• 578 — > — 50^ 

Muriatic acid gas 1360 50® 

Nitrous oxide gas 1700 45° 

As carbonic acid gas requires a pressure of 36 
atmospheres^ at 32° F.» for liquefaction, it caunoit 
enter in this table, which supposes &e water to be 
fresh, and consequently solid at 32° F. A greater 
amount of pressure would of course cause this gas to 
become liquid at a more elevated temperature ; bst 
we have every reason to conclude .that deep masses 
of fresh water always renmin at a temperature be* 
tween 39° and 40?, that at wluch such water is most 
dense, so that we may suppose carbonio add would re* 
main gaseous, as frff as mere pressure was concerned, 
beneatli all the known fresli* water lakes of the wodd» 
their depths being insufficient to produce the effect 
lequired : it is otherwise, however, with the waters 
of the ocean. According to M. Erman, salt water 
of the specific gravity of 1*027 diminishes in bulk 
down to 25° F., and does not reach its maximum 
density before congelation. Dr. Marcet's experiments 
>l8o point to a similar result, 22° F. being, according 
to thift author, the temperature at which sea water 
reaches its maximum density. Carbonic acid gas 
^ould therefore become liquid, as far as regards pres- 
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Bure, beneath 004 fiithomB of sea Water, the tempe* 
rature of which was 32^ F. These conditions may 
readily exist in high latitudes; indeed, according to 
Capt. Robs, he foimd, in lat. 60^ 44' N., and long. 
59^ 20' W., a temperature of 29"^ at 200 fathoms, 
28"^ at 400 fathoms, and 25"" at 660 fathoms. Other 
observers, however, give a more elevated temperatore 
fo^ the deep waters of. high northern latitudes. 

If we estimate- the mean density of the mineral 
crust of the globe at 2*5, which is probably less than 
the truth, we find that sulphurous add, cyanogen, 
chlorine^ ammomacal, and sulphuretted hydrogen 
gases would be squeezed into liquids beneath 250 feet 
of rock, while the same effect would be produced upon 
muriatic acid gas at 570 feet, upon nitrous oxide gas 
at about 750 feet, and upon oaxbonio acid gas at 1300 
feet, allowance being made. in each case for the in* 
creased tempefatOre found at increased depths. These 
are important confiiderationB, which not only have 
Weight when we consider the early conditions of our 
{danet, but also when wu regard the dhemical changes 
now in progrees beneath the immediate suxfiace of the 
earth, and which are manifested by various discharge! 
of gaseous matter into the atmosphere. 
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CHAPTEE III. 

As there is great difficulty of conceiving any otbe^ 
than the igneous fluidity of our planet previous to 
the consolidation of its surfieuse, and as fluidity seems 
essential to the figure of the earth, it has been sug- 
gested that the earliest transition from a liquid to a 
S(^d state, consequent on the radiation of heat, wqu14 
take place at the equator, and that masses of the 
solidified crust would float upon the incandescent 
fluid beneath*. The fluid mass would necessarily. 
be influenced by tides ; therefore, so Igng as the soli- 
dified eru9t was too thin to resist the effects of this 
cause, it would be broken up into fragments, the pre- 
cursors of those oi which the solid surface of our glpbe 
is everywhere composed. It may surprise many of 
our readers, but it is nevertheless tru^^^that when the 
surface of England is minutely examined, we find Uieri^ 
is scarcely any area of eight or ten square miles v\ 
extent which has not been fractured, or broken up into 
minor portions, by causes that have acted at various 
geological epochs. What is thus true of England is 
found to be also generally true of the whole surface^ 
of our continents and islands when examined with 
the necessary attention. Sometimes a more modern 
deposit may mask a surface broken into fragments^ 
the former not having been yet acted on by disrupt- 

* Croizet et Jobert, Recherches but les Ossemens Fossiles du 
D^jMitement du Puy-de^DoiiM, 1828. 
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ing forces ; but when rocks, on which such deposits 
rest, are exposed by denudation of any kind, either 
in ravines or over a certain extent of horizontal area, 
they will be found fractured. 

There must have been inequalities in the earth's 
surface from its earliest consolidation. The radiation 
of heat, and the necessity of the exterior solid crust 
conforming to the fluid surface beneath, could not 
have done otherwise than produce them. Hence 
M. filie de Beaumont's theory of the elevation of 
mountain chains, which rests on the necessity of the 
earth's crust continually diminishing its capacity, not- 
withstanding the nearly rigorous constancy of its tem- 
perature in order that it should not cease to embrace 
its internal mass exactly, the temperature of which 
diminishes sensibly, while the refrigeration of the sur- 
fieu^e is now nearly insensible*. 

Waviug for the present the consideration of moun- 
tain chains, it will be sufficient to consider that ine- 
qualities have existed on the surface of the earth from 
t^e earliest times. If we now suppose the solid snr- 
hce sufficiently cool to support water, that water 
could not do otherwise than act both chemically and 
mechanically upon it. The chemical action would 
be increased by any heat which might still remain in 
the supporting solid substances, and evaporation would 
be extensively carried on ; so that the more elevated 
parts being, in all probability; the coolest, and there- 
fore the condensation of aqueous vapour readily taking 
place upon them, running waters would be estabHshed, 

* Geological Manual, Art Elevation of Mountaim, p. 488. 
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and a wearing away of the extericnr portions the ne» 
cessary consequence. It might be supposed that the 
external parts of the cooled crust, composed of various 
oxidized materials, would be yitreous, and therefore 
difficult of removal; but we have only to recollect 
that the vitreous character of igneous products is 
merely the result of rapid cooling, in order to see 
that, 80 far from this being the case under the con- 
ditions we have supposed, the necessary slow cooling 
of the crust would produce a large crystallization of 
the different substances, and, consequently, a surface 
by no means difficult of decomposition or removal. 

It has been much debated whether the inferior 
stratified rocks, such as gneiss, mica, slate, &c., have 
been mechanically or chemically produced ; that is, 
whether they have resulted from the deposit of abraded 
portions of preexisting rocks mechanically suspended 
in water, or, have been chemically derived from an 
aqueous or igneous fluid in which their elements were 
disseminated. 

Before, however, we proceed in this inquiry, it be- 
comes necessary to investigate what is generally un» 
dentood by the words * strata' and < stratified ', and 
to see how far ' cleavage ' may be confounded with 
them., A ' stratum' may, perhaps, be strictly defined 
to be a bed of rock, the upper and under surfiaces of 
'which are parallel planes, in all cases where the bed 
is not perpendicular, but when it is so, then the ver- 
tical surfieu^es would be parallel planes. 

This definition is found to be fur too rigid for prac- 
&al purposes, and hence rocks have been termed 
stratified when divided into beds, the upper and under 
>>tt6««8 of which are not jitrxctly parallel planes, as i» 



48 aTBATinCATIOK. 

seen in the following diagram, representing a section 
of eeyeral beds, a, h, c, d and e, which would be 
usually termed strata. 

Fig. 1. 




Now irr^ularity of stratification shows irregularity 
of formation, and hence becomes an element. in in- 
quiries respecting the original production of any given 
stratified rock. Strata having their upper and under 
surfaces nearly parallel would seem to require extra- 
ordinary tranquillity for their deposition, assuming, 
iar the sake of the argument, that all strata have 
been deposited. This would be equally true whe- 
ther they were chemically or mechanically produced. 
.The contrary would hcdd good with every irregular 
ftratification which may be inferred to result from 
variations or disturbances in the chemical or mecha- 
iiical action that produced the rocks thus character- 
ized. 

Chemical deposits would take place from solutions 
saturated with any given substance, from changes 
among tiie substances in solution, or from new matter 
introduced into them, which should produce insoluble 
compounds. . The moment a substance becomes in- 
jsoluble, it is mechanically suspended in the fluid con- 
taining it, and hence will fall more or lees rapidly to 
4ihe bottom, according to its relative specific gravity 
and volume. AH chemical changes in a fluid do not, 
however, necessarily produce horizontal deposits from 
tit ; for, as is weH l^nown, pipes conveying mineral 
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witeiB from place to place are often found incriuitecl 
all round. This certainly may be due to the tran- 
qmllity arising from the friction of the fiides, which 
will not permit the water to pass so rapidly by them 
as through the centre of the pipe ; but the incrusta- 
tion on the top is sufficient to show that a chemical 
deposit may take place against gravity. Numerous 
crystallizations from saline solutions are produced 
equally on the sides and bottoms of the vessels con- 
taining them, though they may be more abundant on 
the latter than on the former. Hence chemical de- 
posits may take place on the large scale, and the r&* 
suiting beds give rise, by the mode in which they 
repose on other rocks, to the most deceptive appear- 
ances. 

Fig. 2. 




Let a, in the annexed figure (Fig. 2.), be the sur- 
&ce of a fluid, such as the sea, from which the beds b 
have been chemically deposited upon the preexisting 
suriiace, c d, of the stratified rock cc. If one of those 

r 

•relative changes of levels so well known to geologists 
should now take place, by which the beds b should 
be raised above the surface of the sea, there would be 
some difliculty in deciding whether the upturned ap- 
pearance of the beds b dX e was due to the protru- 
sion of the mass of d, or whether the rocks b were 
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originally deposited in the relative position then found: 
To decide that the tilted character of the beds b was 
due to forces acting from beneath would be evidently 
WTong in this case. We should therefore exercise 
some caution in our theoretical decisions when stra- 
tified crystalline rocks are thus circumstanced. 

A mechanical deposit may also give rise» though in 
a minor degree, to the same deceptive appearances. 
If water, containing mechanically suspended matter, 
move suddenly with a moderate velocity from off 
shallow into deep water, the resulting stratification 
will be inclined, even amounting in favourable situa- 
tions to 40°. 



Fig. 3. 



Let 41 h (Fig. 3.) be the surface of water moving 
over the surface of a rock beneath, t c, with sufficient 
Velocity to transport pebbles about one or two inches 
in diameter, so that they cannot repose on the plane 
t c. It will be clear that they will fijll over into the 
deep water, where they will arrange themselves in 
Strata of high angles,//, being removed from the* 
velocity of the current, which passes on in the direc- 
tion c d. They will fall over into comparatively still 
water, and therefore arrange themselves according to 
gravity, and the support that one pebble may afford 
fo the other above it. Mr. Yates and Mr. Lyell 
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liare very properly called attention 16 this mode of 
stratification'''. 

Let us suppose, as in the diagram before us, that the 
rock h was stratified in the same manner, (having the 
same dip and direction as the newly formed beds//,) 
and that the relative level of water and land should so 
change that the beds// and the rock h rose into dry 
land, and were exposed, as a section, in a ravine, the 
surface eff being concealed. It might be inferred 
that the beds// and the rock h had been raised by 
the same elevating movement, a supposition in this 
case evidently incorrect, as the beds// have not been 
raised at all ; and if the rock h had been tilted up, it 
was so previous to the existence of the conglomerate 
beds//. 

We have above supposed that pebbles were moved 
by the current, or stream, over the surface t c ; let us 
now consider that sand only is thus transported. If 
the same velocity of water continued as before, the 
sand would evidently be shot forward over the edge t, 
and could by no means arrange itself in as highly 
inclined beds as the pebbles. The finer the sand, 
the longer it would be finding its way among the 
particles of still, or comparatively still, water, out of 
the influence of the superincumbent current. The 
smaller, therefore, the grain of the sand, the more 
horizontal would be the resulting strata, and the 
greater the amount of the fining off at their upper 
edges. We should thus have, supposing the current 
to carry forward gravel, sand and finely comminuted 

* Yates, " Remarks on the Formation of Alluvial Deposits," 
fi4ii)burgh New Philosophical Journal, July 1831; and Lyell, 
Principles of Creo^gy, vol. iii. p. 1C9, 1833. 

s2 
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matter, a tendency in them all to form beds of various 
degrees of inclination, the gravel beds rising at the 
greatest angle, the silt beds being the most hori- 
zontal. 

If, instead of a stream or current sufficiently povrer-' 
ful to carry forward pebbles, we suppose one merely 
able gently to move sand over the edge of a high 
steep bank into deep water, so that the sand should 
fall grain over grain, the one resting upon the other, 
and not mechanically suspended in water; we should 
obtain strata of sand rising at a comparatively hi^h 
angle. 

The natural situations in which circumstances wtmM 
be analogous to those above noticed are more nu- 
merous than might at first sight be supposed. It has 
been remarked by Mr. Yates*, that strata of this 
highly inclined character would be produced in cer- 
tain lakes by the protrusion of detritus where the &L 
was suddenly into deep water. The same author ob<* 
serves, that similar effects would be produced at the 
termination of deltas, where they also fall into deep 
water. This would be the case with that of the 
Ganges, if the detritus were not too comminuted, and 
forced forward with such rsqpidity as to be carried on 
in the body of the discharged waters, and thus be 
spread over a considerable area, in beds nearly ap- 
proaching to horizontality. There are, however, nu- 
merous situations off the edges of what are termed 
soundings, or minor depths of water, on many and 
extensive lines of coast, where we can imagine the 
effect of the current but barely sufficient to push 

♦ Yates," Remarks on the Formation of AlluTial Deposits,** 
Jild'mburgh Nevr Philosophical Journal, Jul5^ i83t. 
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gnins of sand over a steq) bank, thus oautiiig the 
foniimtion of strata of sand with an inclination of from 
15° to 30°'*'. Minor effects of this cause are con« 
stantly observable on the shifting banks of fivers, and 
are to be found, as has been often observed, in almost 
all sandstone rocks. The formation, therefore, of 
moderately elevated strata, upon a larger scale, is 
precisely what we should expect under favourable 
circumstances. 

What has been here stated leads to other and im« 
portant conclusions respecting the formation of me* 
chanical strata ; and did We know with certainty the 
amount of force required to carry forward different 
kinds of detritus, we might proceed to calculate with 
some precision the various velocities required to trans- 
port, and deposit, given kinds of detrital matter over 
planes inclined at various angles. Here, however, 
our data fail us. We have no experiments on which 
we can implicitly rely respecting the specific gravity 
and form of detritus which water, with a given velo- 
city, will move on a horizoutal surftice. It has been 
stated that a velocity of six inches per second at the 
bottom will lift fine sand ; eight inches, sand as coarse 
as linseed ; and twelve inches, fine gravel ; while it 
requires a velocity of twenty-four inches per second 
to roll along rounded pebbles an inch in diameter, 
and three feet per second to sweep along shivery an-> 
gular stones of the size of an eggf. It will readily 
strike the reader that the relative specific gravities of 

* Mr. Yatea has also remarked on the abrupt transition firom 
fihaUow into deep water off many coasta: " Remarks on the For- 
mation of Alluvial Deposits," Edinburgh New Philosophical Jour- 
nal, July 1831. 

f Encyclopaedia Britannica, ArU Rivkr. 



54 STBBAM 8 OF TIDKS AND CUBBSNT8. 

the wibstances to be transported woidd greatly ino«- 
dify these ^ects ; but taking the above statement 
as affording the best approximation that we can at 
present find, we may proceed to certain general con- 
elusions. 

All the velocities enumerated above may be readily 
found in most rivers, particularly when their beds are 
Biodeiately incUned, or when they are swept by freshes 
or sudden rushes of water. Detrital matter, varying 
in the manner stated, would therefore be also trans- 
ported, to be here and there deposited, or swept on* 
wards, as the case might be. Circumstances* how- 
ever, become altered when we regard the extenmve 
deltas of great rivers, large estuaries, or the open sea. 
Here we find more moderate velocities of moving 
water, and consequently a diminished transport of all 
but the finer detritus over considerable distances and 
areas, at least viewing the subject with reference to 
the known velocities of water in such situations. 

We wHl not here repeat what we have elsewhere 
stated?'' respecting the great improbat»lity that streams 
of tide, or oceanic currents, can transport any other 
than fine detrital matter, sand, silt, or mud, except 
very locally in some narrow channels, or off project- 
ing headlands, where bodies of water are compelled, 
from the peculiar form and resistances of land, to 
move at rates greatly exceeding their usual or mean 
velocities. If exact da,ta fail us in regard to the ve- 
locities necessary to transport detrital matter of va- 
rious kinds by water, they are also sufficiently rare 
respecting the depths at which ocean currents act. 

* Geological Manual, Art.t Transporting Power of Tides an4 
Currenu, pp. 110, 112. 
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Tlie only direct experiment of any importaace as yet 
^ade to ascertain this point is that of Captain Belcher 
off the west coast of Africa, in latitude 15^ 37' 9'' N., 
and longitude 17° 31' 50" W. He concluded from 
it that the current moved with nearly the same velo* 
city (0*75 per hour,) at the depth of forty fathoms as 
on the surface. Now this velocity, supposing it to 
act upon the bottom, and the foregoing calculatioiia 
respecting the power of transport correct, would carry 
forward fine gravel (making due allowance for the 
differences of statute and nautical miles), though it 
would be insufficient to roll along rounded pebble» 
an inch in diameter, which require a velocity of about 
1*1 nautical mile per hour. 

If we could rely on the transporting powers of 
water above noticed, we might proceed to calculate 
the effects of various streams of tide or oceanic cur- 
rents of depths equal to, or less than, forty ftthoms, 
inferring what might take place at greater depths. 
But, even assuming that the statement alluded to is a 
fair approximation to the truth, there is an element of 
very great importance which must enter into all such 
calculations : that element is friction. Now the fric* 
lion of moving water on the bottom over which it 
flows is very considerable ; and no current or stream 
of tide can have the same velocity on the surface and 
on any bottom it may pass over. If such were not 
the case, the tidal waters round most coasts would 
be a mass of turbid waters. In point of hct, the re* 
tardation of flowing waters by friction is so great, 
that streams of tide with a sudace velocity of two 
miles per hour, and therefore sufficient to transport 
(according to the calculations above quoted,) angular 
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sMveiy stones of the size of an egg, pass over sand,' 
and even mud banks, at the depth of a few fathoms, 
without removing them*. 

It would be exceedingly desirable to have more di- 
rect evidence, from careful observations on the passage 
of tidal waters over mud, sand and other banks» of 
the amount of Mction which prevents their removal. 
Those accustomed to navigate among, or otherwise 
observe, sandbanks at the mouths of estuaries, must 
often have observed how, when a falling tide throws 
the body of ebbing water into numerous channels, 
forming banks, the edges of such banks begin to 
sufi^r removal by the action of the streams upon 
them. Yet the cutting effect of friction is still very 
inconsiderable, less than we might expect it to be ; 
and attentive examination will often show that a rip- 
ple or surface motion of the water is as destructive 
as the wearing action of the moving mass of water, 
which is readily observed to be less near the bank 
€han at a short distance from it. In such situations, 

* It U not ft little curious to observe how many fishy trout, for 

instance, avail themselves of the effect of friction on the sides and 
bottoms of rivers. They usually prefer a certain velocity of water, 
And therefore employ a given amount of muscular exertion to re- 
sist it ; but when, from rains, the volume and velocity of the rivers 
are increased, the fish either sink deeper in the stream or approach 
the sides, where they regain the former velocity, one which re- 
quires no greater amount of muscular exertion than they habitu- 
ally employ. Without this retardation of water by friction, the 
fish would be swept out of rivers by freshes, as actually took place 
from the effects of a hurricane, and therefore an extraordinary 
cause, in Jamaica. The fall of rain was so great in the hurricane 
tof 1815, that it swept all the fish out of the Yallahs river, one 
which descends rapidly from Ae high land of the Blue, St. An- 
c^ews, and Port Royal Mountmns ; and it was considered, ten 
years afterwards, that there were no fresh-^ater fish in that 
river. 
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alao, the different velocitieB of 'water, caused by fric- 
tion on the bottom, may be easily seen before the tide 
falls sufficiently to leave the baiJcs dry. StiU or slow 
moving water will be apparent over the riioal places, 
Portly to become dry, while the body of the tide, not 
being able to move freely over so large a surfitoe as 
before, runs with greater velocity (unless the time be 
near low or slack water,) over those parts of the area 
ivhich are deep, and are in fact the proper channels 
of the river. Every boatman knows that if he keeps 
close to a coast or bank when the tide is adverse to 
bis course, he makes more way than when he keeps 
off, making every difference, in cases where the tides 
TOR strong, whether he does or does not reach his 
destination during that particular ebb or flow of tide, 
as the case may be. 

Now it is important to bear these facts in mind, as 
they show that when streams of tide pass over sandy 
bottoms, even with a velocity of two or three miles 
per hour within a few feet of such bottoms, the 
moving water does not carry away the sand to any 
great extent, because there are interposed strata or 
beds of water which move with a velocity in an in- 
verse ratio to the proximity of the bottom. This 
retardation is caused by friction ; and without it the 
numerous marine creatures inhabiting mud, sand 
and chin^e bottoms and banks would be unable to 
exist ; they and their retreats would be swept away 
and transported from place to place by every tide. 
Thus in this instance, as in every other in nature, 
design is apparent. Various marine creatures live in 
mud and sand; the destruction of rocks takes place, 
and the necessary detritus thus produced is distri<^ 
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bated at various depths over the bottom of the 
but if streams of tide or currents could readily cut up 
the mud and sand so deposited, this accumulation of 
detrital matter for the abodes of such marine animals 
would be useless; and therefore, provision is made that 
it should be comparatively stable. 

We must now notice a very important element in 
all calculations respecting both the production and 
transport of detritus. This element is the action of 
waves, known, when they dash on shore, by the name 
of breakers. This action has often, from the want of 
proper attention, been confounded with that of streams 
of tide and currents, in situations where t^e velocities 
of the latter were utterly unable to produce the ef- 
fects observed. Hence many erroneous impressions 
respecting the destructive and transporting powers 
of tides and currents. When land rises above the 
level of the sea, the action of breakers tends con- 
atantly to destroy and remove it : when land is low 
and only rises to the same level, the same action tends 
constantly to throw detrital matter upon it. There 
is scarcely any considerable line of coast which does 
not afford evidence of both these fsicts. An inexpe- 
rienced observer could not doubt the destructive ac- 
tion on coasts; but he might be inclined to doubt the 
piling up of detritus by the sea, thus affording pro- 
tection against its own ravages, when he sees high 
banks and sand-hills rising above the sea-level. A 
Jittle attention would, however, soon show him that 
the fact is as here stated. 

Waves are generally considered as mere undulations 
of water, the particles of which rise and fall nearly in 
the same places, conm&unicating movement to other 
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particles, and thus producing vibrations. This fiew 
of the subject may be correct enough as regards those 
waves which are produced by disturbing causes in the 
body of the water itself, or by throwing a stone into 
water, resembling the vibrations of the air in the pro* 
pagation of sound in it. The waves caused by the 
winds on the ocean must be regarded in another light. 
They are produced by the friction of the atmosphere on 
the surface of the sea. No doubt the mere vibratcary 
motion is still in great force, but the superficial parti- 
cles of water, in contact with the wind, are necessarily 
forced forward by friction, and surface motion is pro* 
duced, the velocity of which depends upon the strength 
or power of the wind on the one hand, and the resist- 
ance of the particles of surface water on the other. 
Every one knows that currents are produced by pre* 
vailing winds ; the monsoons in the Indian and Chi- 
nese seas afford the most complete evidence, if any 
were wahting, of this fact. Now this could not hap- 
pen if the friction of the wind on the surface of the 
sea did not cause a forward motion of the waters of 
that surface in the direction of the wind. 
. Those who have experienced heavy gales on the 
ocean know full well that the water on the summit 
of waves, thrown forward by the action of the wind» 
has tremendous forward force ; a forward force ex- 
tending downwards in the wave in proportion to the 
velocity of the wind above. Hence those fatal acci- 
dents to vessels on the open ocean when a heavy wave, 
or sea as it is termed, strikes a ship, and sweeps every- 
thing before it. We should carefully distinguish be- 
tween such waves and those undulations of water, 
however large, technically termed swells, whxeh are 
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merely the vibratory portions of waves t&at always 
travel with feir ^ater velocity than the particles of 
water actiudly propelled forward. These extend far 
beyond the areas traversed by the winds which have 
caused the waves, and nothing is more common on 
the open ocean than the appearance of a swell from a 
quarter whence there has not been any wind. 

The swell is merely an undulation of the water that 
travels beyond the areas swept by the winds which 
produce the waves, or that remains in those areas 
after the wind has ceased to act upon them. These 
vibrations do not in themselves cause any forward 
movement of the water. To them such theories as 
those of Bremontier, £my and others, which suppose 
either a succession of vertical or elliptical movements 
of the particles of water, may be applicable. But the 
surface water in waves produced by strong winds is 
clearly propelled forward, the wave breaking from the 
reastance of the water beneath in the open sea upon 
the same principle which it does on coasts, with this 
only difference in the efiPects, that on coasts, the re- 
sistance being solid, the broken wave rushes forward 
further than it can do when it breaks on a fluid re- 
sistance, as it does in the open sea. While, there- 
fore, powerful winds act on waves, the latter are com- 
pounded of undulations, or vibrations, and of surface 
water forced forward by the Mction of the moving 
mass of air above them, while when there are no winds 
causing friction, waves are mere vibrations. The heavy 
surf and rolling coast swells, more particularly obser- 
vable on the shores of islands in large oceans, such as 
at the Isle of Ascension, St. Helena, the Cape de Verd 
Islands, &c., are evidently vibrations caused by the 



OXFTH OP WATXS. 61 

continued action oi various winds on the surface of a 
large body of water, and propagated even througli 
water which to the eye appears tranquiL It is not 
until the proximity of land or shoal water offers ie« 
sistance that the vibration becomes checked, and is 
first indicated by a rolling swell, which, rushing on the 
shore, breaks, and thus that vibration is terminated, 
as far as the particular coast line extends. Of course 
these vibrations would be brought to rest, like tiiose 
producing sound in the air, by a sufficient distance 
from the disturbing cause ; but the case of an open 
ocean vexed and harassed by a multitude of winds in 
various parts of its area, is like the air on the surface 
of country kept in constant agitation by a multitude 
of sounds on such surface^ so that when one shall ceAse 
in one situation* another shall commence in another 
part of the area. 

Both waves and swells necessarily disturb the par^ 
deles of water beneath, to greater or less depths ac- 
cording to their magnitude. The approximative deptir 
to which this disturbance extends is by no means 
dear : those who have treated on the subject vary 
much in their estimate. ■ M. Emy contends that it 
extends to the dq)th of 500 feet on the Banks of 
Newfoundland'''. It is no easy matter to obtain the 
necessary data on this head, for the apparent distui'b- 
ance of a bottom will depend upon the kind of mat* 
ter of which it may be composed, whether mud, sand, 
gravel or solid rock. Moreover, when such disturb- 
ance takes place, it may not be known to those above, 
unless they Endeavour to obtain, by proper instrui* 

* Emyj Mouvement des Cades, Paris 1831, p. lU 
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mentas, water at difPerentdepths, andsee whenitbecomes 
diarged with detrital matter ; for the agitation of the 
water may not be so great as to cause the disturbed 
bottom of sand or mud to rise high in the sea. Be 
tibtis as it may, water is evidently discoloured by the 
action of considerable waves on bottoms of sand and 
mud, round most coasts, at the depth of about 15 
fiithoms, particularly when a heavy gale prevails for 
sopue hours : thus giving time for the detrital matter 
to be shaken, as it were, by continued agitation up to 
the surface. 

The mud and sand thus disturbed, and mechanically 
suspended in water, would return again to their places, 
or nearly so, when a swell subsided in moderately 
deep water, though it would be otherwise nearer 
coasts, where from the great resistance of the bottom 
there is a forward motion of the water and a breaker 
the result. Then the mud, sand or gravel would be 
propelled onwards, necessarily towards the land. T%e 
effect of waves driven forward by the action of the 
wind would be more complicated : the transporting 
power of the surface would be in the direction of the 
wind producing the waves. Now the amount of de- 
tritus that could be thus forced forward, supposing it 
to be mechanically suspended up to the surface, would 
depend upon the depth to which the onward moving 
water extended, and this agun would depend upon 
the jstrength and prevalence of the winds producing 
the waves. As prevalent winds produce currents, our 
next inquiry is as to the depths to which such cur- 
rent^ are felt. Here again exact data fail us. The 
experiment of Capt. Belcher off the coast of Africa, 
previously noticed (p. 65), shows us that a current 
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was not much impaired in velocity at the depth of 40 
hthoms, and certain circumstances in other situations 
would lead us to expect that they may extend to at 
least 80 fathoms. If, therefore, from the action of 
waves, a bottom be disturbed, the detrital matter thuv 
mechanically suspended in water may be moved on* 
wards in the direction of a current, produced also 
by the same action. The amount of mechanically 
suspended matter committed to the moving mass of 
water would depend upon the shallowness of the sea 
and the strength of the prevalent wind on the one 
hand, while the distance to which it would be carried 
would be in proportion to the depth and velocity of 
the current on the other. 

We must here consider an observation by Mr; 
Babbage, which though not applicable to the part of 
the world selected by him for illustration, is yet true 
in principle. He observes, that if mud, mechanically 
suspended in water, sink through one foot of that 
water in an hour, it will be carried by a current, 
moving at about the rate of three miles an hour, a 
distance of 1500 miles before it has sunk to the depth 
of 500 feet*. Now although the velocity here given 
to a current is not likely to be otherwise than local, 
still the general principle must be borne in mind. It 
would be curious to calculate, when from ordinary 
friction a sand or mud bottom cannot be moved by n 
current, how far it could be disturbed by the action 
of waves, and the mud and sand be carried forward 
in the one case, when it could not in cmother. 

As winds on shore produce waves which gradually 

* Babbage, Economy of Manufftctures, 2nd edit, p. 51. 
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increase in the intensity of their transportiiig poM^^iv 
in proportion to their approach to the land, and as 
off-shore vrinds cause cahn water close to land, and 
do not produce waves of importance until a certain 
distance from it, the tendency of the greater pro* 
portion of motion caused by waves round coasts ia 
to throw detritus on shore. The long lines of shingle 
beaches, and of dunes or sand-bills in front (^ low- 
Icuids, are ample evidences of this fact*. 

We now come to the destructive action of waves 
on land. This constitutes the greatest general f(»ro« 
of all those employed by nature for the degradatton 
of that land which rises above the level of the sea. 
The force of a breaker is little known to those who 
have not experienced or watched its effects. Its 
crushing power is in heavy gales so great, that large 
vessels, unfortunately wrecked, are speedily reduced 
to fragments^ and soiall vessels are €M>metimes broken 
ia.two by a single blow of a l^reaker. We are not*, 
therefore, surprised to. find that large blocks of rock 
are. easily washed about by breakers, as was well 
shown at Plymouth during the severe gales of 1824 
and 1829, where masses of limestone from 2 to 5 tons 
in weight were rolled about on the Breakwater like 
pebbles, and a piece of. masonry weighing 7 tons 
was washed back 10 feet, though it formed a. part of 
the pier in Bovey Sand Bay, and stood 16 feet above 

* It was considered useless to repeat here all the circum- 
stances attending the formation of shingle beaches, sandy beaches 
and dunes, which are noticed under those heads in the Geological 
Manual, and therefore many interesting facts are here omitted. 
Those which are, however, thus omitted, do not much affect the 
question of various kinds of stratification to which the remarks 
in the text ultimately lead. 
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Let b/, in the above diagram, represent the levef of 
the sea ; a, a. breaker falling on the shore, and cutting 
away soft sandstone or clay jstrata at the cliff c. These 
easily disintegrated rocks would evidently be speedily 
cut back in the direction cd, ^d the solid matter 
composing them would be removed bade to tiie sea, 
to be transported by the power of the tides or cur- 
rents, as the case may be. Let us suppose that, 
previous to the existence of this state of things, the 
snr&ce of the rock now in the act of removal formed 
a continuous line e d, and that this line of surface has 
been elevated from above the line g h, by forces acting 
from beneath, and which have raised the mass of rocks 
bodily upwards. While the surface of the rock was at 
9 k, it was out of the destructive action of the breakers^ 

* Geological Manual, p. 82. 

p 
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to^ it might bavebeeamtafeitedwitihki their piling in- 
fluence, that is* suppofling the form and other circum- 
stances connected mth the land in. the prulongatHpn 
of the hed to have heea &Tounhle. The moment, 
hpweyer, the ekvation took place, so that the Que of 
xs)ckj suxface,. e d, should cross the sc^-level, ,bf,tb» 
destructive action of the breakers would commence, 
and the removal of tbe soft sandstoi^e oi: clu^r .would 
be the result. 

When clay or other easily disintegrated rocks, 
fono^ing cQaiMs,,are thus cut away, the depth to which 
such matter is excavated is^not considerable. This is 
well shovm on the north coast of Kent, where, ai^ is 
well knovm, the.cli£fb of London clay, near the Re- 
culvers, are continually washed away by the breakers, 
so that the land must have once been hi more exten- 
sive, than at present, the sea having g^uned ground at 
its expense. Historical documents show this to ha^e 
l^een matter of fact. Now it appears that the sand- 
banks in face of the coast are not covered to any 
great depth by sand. Beneath a few feet clay is 
found, most probably a continuation of the London 
clay of. the sea^-clifis. So that, if we consider this 
clay to have been cut down by the action of the 
breakers, it would appear to be now to a certain de- 
gree protected from further excavation. 
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CHAPTER rV. 

RmsBS more or less charged witii detritus, derived by 
various causes from the land *, flow out into the sea, 
particularly during freshes. It has been found that 
water, even thus circumstanced, is, in almost all cases 
where attention has been given to the subject, speci* 
fically lighter than the sea- Water into whidi these 
riveiB deliver themselves. The relative specific gra- 
vity necessarily depends on the relative amount of 
matter mechanically suspended in the water of the 
river. Few good experiments have been made to 
ascertain this point ; indeed, it is one which requires 
considerable attention. It is not sufficient to ascer- 
tain the mean annual amount of water passing down 
a river, and by taking a portion from a particular part 
of it, see the per-centage of solid matter mechanically 
suspended in it ; it must also be recollected that on 
the velocity depends the transporting power of the 
water. In those places, therefore, where the velocity 
is greatest, the transporting power is greatest. The 
greatest velocity is necessarily on the sur&ce ; and 
supposing the bed of the river an uniform curve, rising 
from a central depth to the banks on each side, it would 
be at equal distances from the banks on either side. 
Now detritus which could only be carried forward by 
the central stream, would be stopped in its passage by 
the next curved stratum of water,, if I may so express 

* Qeological Maunal, Art, Degradation of Land. 

p 2 
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myBelf. It would^ beyond the mere impetus it re- 
ceived when it entered into this stratum, tend to come 
to rest at the bottom. The resistance of the particles 
of water in this stratum it would take a certain amount 
of time^to overcome, during which the stratum of 
water itself would have passed onwards, so that the 
detritus will gravitate through it in a kind of para"> 
bolic curve, which mig^t be calculated, if the depth, 
relative velocities of the strata of water, and kind of 
detritus mechanically suspended, were known. 



Fig. 5. 




Let the above diagram represent a section of a river, 
d, c, b, a, b, c, cf, with its banks g, g, the bottom o{ 
the bed being at/, a will be the central stream of 
water, having tLe greatest velocity and consequent 
transporting power. The stratum of water b, b, would 
tiave less velocity, and therefore less power of trans- 
port. The stratum c, c, would have still less ; and it 
would be least in the stratum d, d, touching the sides 
and bottom of the river-bed^,/, g, where the friction, 
causing retardation, is greatest. In tiie above figure 
the strata of water are, for the purposes of iHastration, 
represented as thick, whereas we mi^t in ]reality con- 
sider them as e»;.eedingly thin. 
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Let a, b, c, d, (fig. 6^) represent a longitudinal sec* 
tion of strata of water, corresponding with the same 
strata in the cross section, fig. 5. Assuming that 
tbe mtf>tion among the particles of water in the central 
sfream a, is sufildent to keep some given detritus me* 
(itanicaUy suspended, precisely as sediment is kept 
fiiqpended in a vessel containing water hj a certain 
amoimt of the agitation of such water, it would flow 
oil, sinking hut sUj^itly from the action of gravity. 
Let OS now suppose that, eillier from the action of 
^vity, a surcharge of mechanically suspended matt^, 
or tiie fiictionof the heds or strata of water upon each 
otiier causing retardation^ a portion of the detritus 
enters th^ stratum ip where th^ velocity is insuffi<b 
cient to keep it mechanically suspended; gravity now 
acts with great force, and the particles of detritus tend 
to settle perpendipulariy downwards. The paxticlei 
of water offer sud» resistance in the stratum b, that 
the latter has passed horn A to / (fig. 6.) before tb« 
debjtus cfm trave9»e 6, and enter th^ stnatum c. Th^ 
vdocify of c being, however, less than that of b, the 
detzital matt^^ in traversing through «, only passes 
hocupontBlly from / to m. From the like causes, in 
traversiDg the stratum 4^ the dietritus would only pass 
from M to a before it came to rest on the botto^i/* 
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We should thus have the carved line t n (fig. 6.) lor 
tiie f aU of the detritus from the central stream to tiie 
bottom. 

It will be evident that if it takes nearly equal times 
for the detritus to traverse the strata b and c (fig, 6J), 
supposing them to be equally thick, while they trans- 
port it unequally, the lower stratum carrying it a short 
comparative distance, there will be an accumulation 
of detritus in the lower strata; consequently, the nearer 
the bottom, the larger would be liie amount of the 
detritus we should expectto £nd. Experience teaches 
us that this is also the hct. It may now be said, 
that if we take all these circumstances iiito considera* 
tlbn, and strike a kind of mean, we shall have no dif- 
ficulty in estimating the amount of detritus carried 
down by a river at any given time. This would be 
the case if we had only to take into account a parti- 
cular perpendicular section of water of small horizontal 
thickness, such as we may consider fig. 6. to be. If, 
however, we now consider the river to be divided into 
numerous sections of the isame kind, each descending 
perpendicularly to the bottom, as is represented in the 
cross section, fig. 5., by the lines p, p, p, p, p, p, we 
shall have two series, one on each side of the cen- 
tral section, the terms of which shall not agree either 
in respect to the velocities of the water, the power of 
transport, or in the amount of detritus contained in 
them. That the velocities would be unequal, is readily 
seen by a glance at fig. 5., for the perpendicular sec- 
tions unequally cut through different strata of water. 
The transporting powers are consequently different. 
The less amount of detritus would not whoUy depend 
on this cause, for the stratum d h uncovered by ^ 
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otfim near the banks g, g ; henoe it luui not reoMTtd 
v&f detritus in that portion of it, from the iall of ne^' 
chanically suspended matter through c or 6. 

It "win hare been seen that, so fxttmuL beingeasj 
to detennine, a calculation respecting the amount of 
detrital matter carried down, even at a given time, bj 
a river, whose section should be as unxEorm as that 
represented in fig. 5, would be a work of extreme 
^iBculty. Now a section so simple can scarcely ever 
be obtained in nature ; oi| the oontraryj a Ibnn of bed 
80 fiivourable for calculation must be considered as 
oite of the greatest rarity. The usual sections of river- 
beds are for more complicated. When, therefore, we 
regard what has been above stated respecting the dif * 
fieidty that would be encountered, even in estimating 
the amount of transported matter carried onwards by 
a fiver at any given time, and reflect that such amount 
18 oonstantly varying, we shall perceive that to obtain 
anything like a tolerable annual mean, requires more 
ejqperiment, time, and calculation, than can be afford- 
ed by any than those who are favourably situated for 
the purpose, and who are willing to devote themselves 
to it. 

The usual method of estimating the general amount 
of detritus borne down by any great river which may 
form a delta, is by calculating the increased superficial 
area of such delta during any g^ven time, such as one 
y6ar, or one hundred years. The superficial increase 
of a delta by no means afifords the necessary informa- 
tion, unless the depth of water into which the delta 
may protrude be also taken into account. If traa»- 
ported matter, carried down by the river, be .added.to 
Ae external fall of a delta, the amount of suchmatter 
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mdi that obferyed hy Capitis Sabine, the df^tritna 
wiauUhe tbmwii dQWPa ^d cpyara^ area conespond^ 
iag, in a i^^fiitt d^gr^, with the awe^p which the river 
haa been coi»pelle4 tP P^e i^utpf thaeowiethatita 
jmpnlaa, whi^ 4i«chaiff 4 ^on^ it^ ap»bouchure« might 
lead it to tri^, Svpposing th^ Tf lopity with whiefi 



J 



MPr^M wumsMB ojr nm nAk 79 

this xiver-.water ^ras moving luui been oottetAj etA' 
Buded at abput tiuree iniles per boor, it ia not a littk 
CQzioiu to consider diat tbe agitation and Tesittance 
of its partidefl should be snAcient to keep finely com* 
minuted sblid matter mechanically soq»ended, so that 
it would not be disposed freely to part with it, except 
at its junction with tiie sea^ water over wbioh it fiowi, 
and where, from friction, it is sufficientiy retarded* 
So thalt a river, if it can preserve a given aiBOnat ct 
vdedty flowing over the sea, may deposit no very 
large amount of mechanically suspended detritos in 
k^^sourse from the epnboucbore tp the spot where it 
is Intimately stopped. Still, however, though tbe de» 
podt may not be so abundant as at first sight would 
appear probable, the cenatant aceumidati on of matter, 
bowever inconsiderable ajt any given time, mnet prO'' 
dace an appreciable eflPect diuing the lapse of ages* 

Though mechanieally suspended detritus is fhoi 
nnied f^r out into the sea in eertain f4.vour8Ue Atii- 
•tiens, the greater amount will always be aecnmn- 
kted near ^e embouehures of riven which transpeyt 
it. The river is most loaded with foreign matter near 
itebQt|:f3m,wheirfialao the retardation fiKunftii^nia 
gnatost ; therefiire we should anticipate that this ef- 
fect must |>e produced. 

W^ have now considered tiie various means by whioh 
^ktritus is carried into the sea, and, to ascertain ex- 
tent, the manner in which it is moved by currents or 
Mx9ams of tide, It now bt^oomes necessayy to notice 
tbe specific gravities of various substances most com- 
naonly trprnqpoitedf 
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Specific gravities of Minerals most commonly entering 
into the composition qf Rocks*, 



N. Selenite 2*2 to 2*4 

D. B. Calcareous spar 

(Iceland) 2-71 

H.ArTagonite 2*93 

D.B. Rock Crystal... 2*65 
D.B. Quartz (common) 2*63 

B. Flint (chalk) 2-59 

D.B. Chert 2*64 

H. Felspar 2*53 to 2*60 

H. Albite 2*6] to 2-68 

D.B. Felspar (Labra- 
dor) 2*56 

H. Mica 2*94 

D. B. Talc 2*76 



B. Steatite 2^63 

H. Chlorite 2*71 

Hy. Chiastolite 2*94 

H. Hypersthene 3*38 

D.B. Hornblende ... 3*27 
D.B. Augite (black). 3*16 
D. B. Olinne (grains) 3*39 

H. Leucite 2*48 

H« Garnet 3*61 to 4*20 

H. Shorl, or Tourma- 
line 3*07 

H. Diallage 3*25 

N. Iron pyrites 4*5 to 4*90 



D.B. 

n. B. 

D«B. 
D.B. 
D.B. 
D.B. 
D.B. 
D.B. 
D.B. 
D.B. 
D.B. 
D.B. 
D.B. 



D.B. 

D.B. 

R. 



Specific gravities of Rocks* • 

(Mcaire grossier (Paris) •».. 

Chalk, pure (Sussex) ..% « »...»....« 

Upper green sand (Wilts) 

Lower green sand (Wilts) .., % 

Portland oolite ^ortland) 

Forest marble (Pickwall) 

Bath oolite (Bath) 

Stonesfield slate (near Stow-in-the-Wold) 

Lias limestone (Lyme Regis) , 

Red marl of the new red sandstone (Devon)... 

Muschelkalk, fosuliferous (Gottingen) 

Coal sandstone, Pennant (Bristol) , 

Coal shale, with impressions of ferns (New- 
castle) ..«..«..«..%..^ « 

Bituminous coal (Newcastle) .....».;.»%%..» 

Millstone grit (Bristol) 

Carboniferous limestone (Bristol) 

Carboniferous limestone (Belgium) ' 



2*62 
2*49 
2*47 
2*61 
2*55 
2-72 
2-47 
2*66 
2*64 
2*61 
262 
2*60 

2-59 
1*27 
2*58 
2*75 
2*72 



* The letters prefixed to the various substances in these tabl^ 
show by whom the respective specific gravities have been ascer- 
tained. Hy., Haiiy ; H., Haidinger ; B., Breithaupt ; R., Ron- 
delet; B., Brisson; N., Naumann. Those marked D. B. were 
taken by myself. 
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D. R Old red sandstonej micaoeouB (Henfoidfhire) 2*60 

D. B. Old red sandstone (Worcestersliire) 2*65 

D. B. tJrauw^ke (Hartz). 2-64 

D..B. Grauwacke, common (Ilfracombe, Devon) ... 2*69 

D. B. Grauwacke, calcareous (Ilfracombe) 2*77 

D. B. Grauwacke (Snowdon) 2*76 

D. B. Argillaceous slate, grauwacke (Devon) ••• 2*81 

D. B. Carrara marble, pure 2*70 

D. B. Mica slate (Scotland) 2*69 

D.B. Gneiss (Freybeig) : 2*72 

D. B. Domite (Puys de D^me) 2*37 

D. B. Trachyte (Auvergne) 2*42 

aB. Basalt (Scotland) 2*78 

R. Basalt (Auvergne) 2*88 

B.B. Basalt (Glant'a Causew^) 2*91 

D. B. Greenstones, various (different countries) 2*69 to2*93 

0. B. Sienite (Dresden) 2*74 

D. B. Porphyry (Saxony) 2-62 

B. B. Serpentine (Lizard, Cornwall) 2*58 

D.B. Diallage rock (Lizard, Cornwall) 3*03 

D. B. Hypersthene rock (Cocks' Tor, Dartmoor) ... 2*88 

R. Granite, green* (Vosges) 2*85 

R. Granite, grey (Brittany) 2*74 

R. G:ra9Mte {Normandy) 2*66 

D. B. Granite, mica scarce (Scotland) 2*62 

D.B. Granite (Heytor, Devon) ..• 2*66 



Specific gravities of some Shells-^, 
Land. 



Helix Pomatia 2-82 

BuHnus decollatus ... 2*85 
undatus 2*85 



Auricula bovina 2*84 

Helix citrina 2*87 



Freshwater. 



Unio cardisce 2*79 

cicatricosus 2*80 



Paludina 2*82 

Cyrena Sumatrensis.. 2*82 



* Query greenstone ? 

t The specific gravities in this table were ascertained by mysel£ 
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Aigonauta toberculo- 

siu 2*43 

Kautilus umbilicatus • 2*64 
lanthina communis... 2*66 
Lithodomns Dactylus 2-67 
Teredo (great, East 

Indies) 2*68 

Kallotis tuberculatus . 2*70 

Cyprina vulgaris 2*77 

}lytilii8 blloculans ... 2*77 



Stromlms Gigas 2'77 

Chiton 2-79 

Pholafl crispata 2*82 

Cytherea maculata ... 2*83 

Bulla 2-83 

y oluta musica 2*83 

Cassis TesticuluB 2*83 

Strombus Gibberulus.. 2*83 
Pyrula Melongena ... 2*84 
Tellina radiata 2*85* 



Before we proceed to consider the subject for 
which the above tables have been introduced, let lis 
for A moment regard the data they afford us for a 
l^ugh approximation towards the mean density of the 
earth's mineral crust. This density has been usuafly 
estimated at 2'5. It would, however, a}^>ear that this 
estimate is somewhat too low, and that 2*6 would 
be a nearer approximatiQn. If we take a mean depth 
ff fifty nules beneath the bed of the sea and the 

* It can scarcely escape the obsenration of the reader, tha^ 
while the spedflc gravities of the land shells enumerated is ge- 
nerally greatest, the densities of the floating marine shells is much 
the smallest The design of the difiference is obvious. The land 
shells have to contend with all changes of climate, and to resist 
the action of the atmosphere, while at the same time they are thiti 
for the purpose of easy transport : ttieit density is therefore great- 
est. *rhe Argonaut, Nautilus, and creatures of the like habits, 
require as light shells as may be consistent with the requisite 
strength ; the relative speaflc gravity of such shells is consequently 
small. The greatest observ^ deitflty w«s .that of a HeUx^ the 
smallest that of an Argonaut, The shell of the lanthina, a floating 
molluscous creature, is among the smallest densities. The specific 
gravity of all the land-shells examined wai greater than that of 
Carrara marble ; in general more approaching that of Arragooite. 
The fresh-water and marine shells, with the exception of the 
Argonaut, Nautilus, lanthina, Lithodomus, Haliotis, and great 
radiated crystalline Teredo from the East Indies, exceeded Car* 
rara marble in density. This marble and the Haliotis are of equal 
speeiile gravities. 



siH&ce of drjr had, ire nii^ inip^ect that gaam, 
■act date, lunnUeAde xock% gnmta, gretlutooei^ 
aiid Eoeks of that clnffactsr, w«rid eoutkute vb^ 
Ae wliaie aanond iHaae. Kow al tkese rocka exeeei 
tbe specific gravity of 2' 6. if we estimate gvanite^ 
gneiss and mica alato as equal to '5 ol the nun, svch 
portion w<mld h»re the mean denaitjr of aifimnt 2*7. 
Takiiig greenstone aild teappean rodct at about '!• 
aod inefaiding: daaBajpr rock and Mipentine amooftg 
then^ we ahoukL obtaiir about 3*76 for their mean 
spe^c gravity^. We cannot eatimater tha mean d«n>- 
stf of the other ibeka ei this portion, suck its hoM-' 
Ueade rddES, ehlorite sktea, quartz xdg^, cky ekites; 
&c*, at leas than 2*65 ;. indeed A more d^niled cflicu-<r 
lation would probably make it greater ; but taldng it 
at 2*65, we should obtain 2*695 as the mean density' 
of '9 of the eartli's mineral crust. Of the remaining 
% the density would be veiy vaiiable*. Certain cal<" 
cueoos rocks, such as chalk and the common oolites, 
woidd be comparatively l^t, as would also be the casir 
vilh some sandstones, such as some in the cretaceous 
seiiesw Some lavas thrown out in the atmosphere^ 
or beneath moderate depths of water, would also have 
Gonpsffatively small speeifio gravity : l^e same would 
ako be ttk% caser with dcNnitesi tmchytes> and rocka 
of lihat classv Imbedded v^etables forming^ Ugnite 
ud coal, must also be included- in this account. H 
ve take these rocks as forming *1 of the mineral mass' 
^dsE eQQsid0ration>,and that its mean is about 2*45» 
we shall probably not commit any grosis enor in ^lis 
Tough calculation. The remaining '1 will be at least 
equal ta 2* 67 . The mean density of the old red sand- 
stone aijid grauwacke would, from the preceding ta- 
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bles, be2*71. Now these radui,ovodien quite ana- 
logous to them in miseralo^cal stmctnre, tiioagfa 
not always of the same age, such, for instance, as many 
in the Alps, Onral, Himalaya, and other great ranges 
of mountains, would constitute a kxge proportion of 
the * 1 under consideration. The mean density of the 
various cpmpact limestones cannot be much less than 
2*66: when Ibssiliferous or filled with shells, they 
will not be lighter ; oa the contrary, their densitieB 
will in moat cases be then increased, as will be readi* 
ly understood by reference to the specific gravities of 
diells. To this portion we must add the basalts and 
rocks of that dass, often, as in India, occupying large 
tracts of country, and common in many volcanic. di« 
stricts. We cannot estimate the mean density of the 
basalts at less than 2*8. Taking the grauwacke and 
rocks of tiiat structure at *4 of tiie *1 of- the earth's 
crust under discussion, the compact limestones at *2, 
the compact sandstones at *3, (to which we may as- 
sign a mean density of 2*6,) and the basaltic rodcs 
at *1, we obtain a mean of 2*67 for this portion. We 
thus get about 2*-59 for the mean density of the 
mineral crust of the globe. The increased density from 
the pressure of the superincumbent mineral masses 
at various depths is here neglected; but when we 
regard this, and consider that in this rough calcu- 
lation the proportions of the more dense rocks have 
been rather under- than over-estimated, we may pro- 
bably take 2*6 as a fedr approximation to the truth*. 
To return, however, from this digression : it witt 

* It is my intention more fully to investigate the subject else- 
where, when, from more abundant data and more minute detait 
than could be admitted into this volume, it Is hoped that a m^ 
certain as well as a closer approximation may be attained. 



be obnons jdiat.fqMl volumes of tiie Tanoua sub- 
stances euumenited in the foregoing tables vnH not 
be tFBBspozted w^pal disConoes hj a given velocity 
of mter, all otiber things being equaL If we suppose 
^ual volumes .and like forms of mica, quartz, fel- 
spar and hornblende to be mechanically suspended in 
wmng water> and gradually deposited from it, the 
bdmblende- would first come to rest» then the mica, 
afterwards the- quartz, and finally the felspar. If 
equal volumes and like forms of shells^ such -as Heia 
cUma, StrvnUms Gigas, and Argotwuta tuberculomti, 
arere committed to a current of water, in the sh^pe of 
&ie grains, such as we often find in nature, the frag- 
menls of Helvp would be first deposited, then those 
of the Strombms^ and afterwards liiose of the Argtmaut. 
The specific g^vities of tl^Q shells above given are 
not sufiiciently numerous to justify any very general 
conclusions ; but as fu as they go« they tend to show 
that if equal volumes and like forms of land,, fresh- 
water and marine shells were mechanically suspended 
in moving water, and gradually fell to the bottom of 
the sea or river, as the ca^e might be, the land shells 
would be deposited before the others. 

If we consider that a river may carry equal volumes 
of land shells, quartz and felspar into the sea, the 
felspar would be transported the greatest distances, 
▼bile the shells would be thrown down nearest the 
l9Qd, and the quartz would occupy a mean place be- 
tween the two : so that, under these conditions, the 
resulting deposit, all others being equal, would be 
most calcareous nearest the land, and most siliceous 
ferther out, while the furthest zone of all, if we may 
Qfee the expression, would be most argillaceous, assu- 
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ming a certain unoimt <tf iiuzt«n in tha tubetAcaa 
deposited. 

8a{^x)0ing the metfeer caniad oatwarda liy ari^rer, 
higlily chafged inCh detfitas, iraa comiposed of a^e- 
nite, fftkpar, qomttz, cakareoas spar, tale, ddorite, 
mica, hornblende, olrviae and gamete with eq^ to- 
liuniea and like forms, it -wonkl tend to come to n«t 
in the inverse order of the mineraliB here enumerated. 
If, therefore, running waters,: sueh aer rivers, flow offf a 
country of common granits, composed of qfuarlz, fel*< 
ttpa and mica, the velocities of the rivers b^ng aitf- 
Hcient to carry the detritus into liie aea, we ^oatd 
expect to find the micaceous matter predomiDAte near 
the land, while the comminuted i^ep$r would prevail 
at tiie outer edge of the' depoeitad detritus. Now it 
must have frequently struck those whose attention has 
been given to the detritus carried down by rivers, that in 
granitic districts the tendency to arrangement is sudi 
as above stated, due allowance being made for varia- 
tions in the form and vblume of tiie substances trans- 
ported. The mica endeavours to remain last ; but as 
its volume is geners^y less than that of the qiiarfz or 
felspar, it is carried onwards, sometimes with, some* 
times beyond the olher minerals, as must happen in all 
pases where volume or form is scdfident t» equdize 
or overpower the effects of unequal specific gravity. 
Sandstones are frequently micaceous, and are often 
rendered schistose by plates of mica. For the most 
part such sandstones are siliceous. It will have been 
seen that equal volumes of mica and quaitz, mechani- 
cally suspended in water, would not descend in equal 
limes to the bottom, all other things being equal. 
Mnr we not here appA>ximate towards an ezplanatioA 



VNSQ&AI. TttAlSfSfOWt C» IHRnSTUB. 81 

of tJMMO alftenintiolu cff mica and quartz graim ao 
common m many rocks ? The grains of mica are often, 
m sadi caees, of less vohtme than those of quartz; 
Vut supposing theirYokmietiie8ame,aud that aHquid, 
svidt as the sea, be supplied at equal intervals irith 
sach detntosr by ano^^ liquid charged With it, such 
as a met, tiiere ^will be a tendency to have altema- 
taons of mica and quartz, for Ite finflk diarge of mixed 
dcftritiis vnll have fallen a certain distance before the 
next is deEvered into the sea. We must not, however, 
foget th»t form vooM' greatly influence a deposit of 
this nature. Though mica is ^cifically heavier than 
quaitz, the tabuhur form of the former, and the 
rounded character of the detrital grains of the latter, 
-would not allow these minerals to descend through 
waiter equally in equal times, even though their vo- 
lume might be tbe same. If vaxious mineral sub- 
stances be mechanically suspended^ in the same liquid 
at the same time^ the nature of the deposit from such 
a mixture would depend upon the relative densities, 
form and volume of each. Arrived at the bottom, 
the small fragments of mica would rest upon theit flat 
surfoces, if l^ey even first fell upon their edges, and 
tilie result would be the lamellar structure we observe 
in micaceous sandstones. 

The differences in specific gravities must necessa- 
rily produce great eflect in tiie depoidt of detritus of 
a larger kind, derived from various rocks. Thus equal 
volumes of Bath oolite and carboniferous limestone, 
supposing the forma the same, would not be trans- 
ported equal distances by equal forces : the Bath 
oolite would be carried the greatest distance. Equal 
volumes of trachyte, granite and basalt would, under 



82 CONOLOMSRATB DXPOSIT8. 

« 

similar circumatancea, be tniuiported va^eqjank di- 
stances. If equal Tolumes of granite from Normandy 
or Hey tor, Devon, and of Stonesfield slate from Staw- 
in-the-Wold, were carried onwards by moving water; 
tine tendency to comis to rest would be equal; tbe dif- 
ference in their actually doing so would depend upon 
tiieir form. Most of the granitic rocks would travel 
further than many of the compapt limestones, (partir 
cularly when fossUiferous, such as the forest marble,) 
certain argillaceous slates, many of the grauwacke 
rocks, and the mass of basalts, greenstones, hyper- 
sthene and diallage rocks. 

Though the specific gravities of various minerals 
and rocks are thus important, and may lead to valu- 
able information when equal volumes of matter are 
concerned, and we seek to discover the direction 
whence any mechanical rock has been derived, we 
must be careful to pay due attention to the differences, 
of form and volume, when such exist, otherwise we 
may arrive at very erroneous conclusions. We must 
in the first place recollect, that when the same force 
acts on different moving bodies, it communicates ve-^ 
locities to them which are in the inverse ratio of their 
masses, or of the quantity of matter of which they are 
composed. Therefore, in estimating the forces which 
may have transported any conglomerate or sandstone 
beds, we must pay proper attention to the mixture of 
the mass, and consider how the force has acted. We 
should see whether it appears to have been sufficient 
to have driven all the detritus, great and small, on 
before it,— the smaller parts being entangled in the 
eddies produced by the larger bodies, which did not 
move with equal velocities, — or whether the detrital 
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xaAtier be arranged with reference to specific ^vi. 
tiM, i<ataa and volumes. When we detect large 
nmiided masses, er pebbles of large siie, mixed up 
pell-mell with detrital matter of much Bmaller volume 
(«s at «, fig. 7.), we majinfer that tiie velocity i^ch 



tamsported the mass was considerable, the larger bo- 
dies being, for the time, mechanically suspended in 
the water. When we find pebbles in such coBglo- 
merate rocks arranged with reference to their respec- 
tive vohimes, forms and densities, we have no evidence 
that the larger bodies have ever been sospended in the 
water which forced them onwards. They may have 
been merely rolled forwards on the bottom. 

The two kinds of arrangements may sometimes be 
observed in riven in ^rtiich violent floods occur. The 
deposit firom the sudden rush of water generally con- 
aats of a mixture of great and small pebbles, sand 
and silt, much the same as is represented at a and b, 
fig. 7. ; but when the waters are only sufficient to 
roll the pebbles over the bottom, there is always a 
tendency to carry onwards the finer matter, which 
necessarily becomes exposed to the action of the cur< 
roit by the removal of the pebbles that mi{^t other- 
wiae protect it. The finer portions being thus re- 
o2 
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moved, the larger Vodies anraiKge themselye&tts at ibe 
bottom of the bed c No doubt there is the some 
tendency to separate the finer matter from the larger 
bodies, when all are». for the time, mechanicaUy sus- 
pended in water ; but the case is so far differ^oit that 
the larger and smaller bodies are borne onwards to- 
gether. We do not infer that thci velocities of the 
smaller and larger bodies would be equal, though 
borne onwards in the same current ; for the original 
impulse would communicate unequal velocities to the 
bodies moved. The velocities would be, as above 
stated, inversely as the masses of such bodies. There 
can be no doubt that matter, mechanically suspended 
in water, is transported to distances proportionate to 
its volume, form and density ; yet in cases where de- 
trital or other matter is suddenly caught up, as it 
were, by a great rush of waters, and for a time me- 
chanically suspended in them, it is curious to observe 
how confusedly mixed ike resulting deposit is when 
thrown down where the r^idity of the current ceases. 
When we look at the surface of masses of detdtus so 
borne down, we might often be led to suppose that 
the masses themselves were composed solely of large 
pebbles, as litde else may be visible upon such sur- 
feu^es ; but artificial or natural sections generally ex- 
hibit a confused assemblage of stones and sand, ar- 
ranged without much regard to specific gravities, 
forms, or volumes. These confused assemblages of 
transported matter seem always the result of tu- 
multuous action, and the deposit from waters highly 
chaxged with rocky matter of most variable dimen- 
sions. ■ Although such rock-charged masses of water 
neoesaaiily move as a whole with great rapidity, tiieir 
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internal motioiis are very ditferent, from tibe unequal 
velooities of die sabstances transported, aUd the con- 
sequent coaiVision of eddies and counter-eddies, and 
tile whirling of tbe substances mechanically suspend- 
ed; so tiiat when suddenly brought to rest, as fre- 
quently happens in such cases, there is a pell-mell 
mixture of large and small bodies, and of every kind 
of rock carried onwards. The tfariace of these de- 
posited masses necessarily becomes washed, and the 
smaller bodies removed ; for, when brought to rest, 
the water, before it passes off from them, acts with 
considerable power, precisely as it would on the bot- 
tom of a river. 

When, therefore, we examine conglomerates, and 
find that the beds contain fragments of various kinds 
of rocks, or even of the same rock, arranged with- 
out regard to density, form, or volume, we may infer 
that they have been thrown down from a violent rush 
and tiie tumultuous action of water. On the con- 
trary, when we find the pebbles or fragments with 
something of the order which they would present if 
deposited in a comparatively quiet manner, we may 
infer that if they have been mechanically suspended 
in water, they have not been thrown violently upon 
the surfEu;e on which they rest, but have gradually 
separated out from the moving water as the velocities 
of the latter decreased. We may often remark that 
the fragments are more angular in those beds in which 
they are confusedly arranged and of very various sizes, 
than in those where the pebbles or fragments are of 
more uniform sizes, and deposited in an order more 
corresponding to their relative densities and volume. 

These remarks are intended only with reference to 
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conglomemtes, either distributed over conaideiBbl^ 
areas, or in situations where we may consider a lit* 
toral deposit improbable. lines of coo^omerate, 
composed of materials of very unequal volumes, may 
readily be formed on coasts, particcdarly when steep. 

Fig. 8. 




Let a h (fig. 8.) be the level of the sea, and c a diflf, 
which, both by decomposition and the action of the 
sea upon it, produces fragments of unequal size, that 
fedl into the water at its base. The action of the 
waves will tend to arrange them more horizontally 
than would happen if they fell upon dry land ; and 
from the unequal action of the waves, and the various 
size of the fragments, the arrangement can scarcely 
be otherwise than confused^ much resembling that 
noticed above as resulting from a violent and sudden 
rush of water, highly charged with variously sized 
detritus. From the nature of things, however, beds 
of this kind could not be long continuous in directions 
at right angles to the lines of coast on which they 
have been produced. We may hence distinguish theiQ 
from those distributed over wide areas, and where 
there is no reason to suppose that a retreat of cliffSj; by 
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decomposition, or the action of the sea, could have 
occasioned them. 

As we may infer a large and confused deposit to be 
tiie result of violent and tumultuous action of water, so 
may we consider that a conglomerate or sandstone, in 
which the volume of the pebbles or grains of sand is 
equal, or nearly equal, in each bed, is the consequence 
vi a more regular or continuous movement of water, 
from which mechanically suspended detritus is thrown 
down. There would necessarily be much uniformity 
in beds of conglomerate produced by a given velocity 
of water forcing pebbles before it ; for a given velo- 
city would only drive fragments of a certain density, 
volume and form before it, leaving those behind which 
were more dense, of greater volume, or of less move- 
able forms, while all detritus more feivourable for 
transport would be carried on'vrards. Particles of 
^er detritus must become mixed with the larger, 
when the latter, from diminished velocity in the water, 
come to rest ; for around the exposed surfaces of the 
^srget bodies the water will be so retarded, that the 
smaller will be depomted from it, and introduced 
among the interstices of the fragments and pebbles, 
as well as in those situations where small eddies would 
be formed. The resulting beds would present a uni- 
formity correi^nding to the uniform velocity of the 
Bloving water. When variations were produced in 
the latter, corresponding changes would be effected 
in the former; and we should have beds which, though 
to a certain extent uniform in themselves, would dif<^ 
fer in the magnitude of the constituent detritus, as is 
'spiesented by the beds a, b and c, fig. 9. 
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Most TDcks, mechanically produced, niToTd msAi 
of the imeqiud actioii of tlie water from whence they 
have been deposited. This is particularly obserrable 
in sandstones. 

The annexed wood-cut (fig, 10.) represents a sec- 
tion of a kind by no means uncommon, and is one 
F^f. 10. 




strongly characteristic of the fwcing action of water 
over « haOom, not a quiet depoaitiDn of matter from a 
state of roechanioal suipecBirai. We may suppose d a 
SBBdstone bed resulting from the quiet dq>oBition of 
grains from water in which they were mechanically 
suspended ; the lamine may be considered sufficiently 
horizontal. This, however, could scarcely be the 
case witli c, b and a, where the grains of sand must 
have been foroed over eat^ other upon the bottom, 
and have not descended solely from the actioa of 
gravity until they came to rest, remuning afterwards 
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ioidistiirbcid untfl (^etiiy covered over by other grains 
wliich had ^idlen in the same manner. We must 
carefi^y difltmgiush between the diagonal or waved 
lines here under consideration, and the cleavage of 
rocks to be noticed in liie sequel; but when we are 
certain that the lines in question are not those of 
cleavage, we may conclude that the rock has not 
been formed by a superior current of water transport- 
ing detritus which subsequently fell to the bottom 
through stiU water. It must have been caused by 
the pushing action of moving water on grains of sand 
after they had touched the bottom. Variations in 
the transport are marked by changes in the directions 
and forms of the sectional lines, while large breaks in 
the deposit are shown by the greater lines, which are 
sections of planes, that divide the deposit into beds, 
such as a, 6 and c, ^g, 10. 

A small wavy or ripply surface is by no means 
uncommon in mechanical rocks, and may result from 
the friction of water on an arenaceous bottom, in the 
manner conmionly observable on sands laid bare at 
low tides, or on loose sandy districts where the wind 
performs the same office as the water on the bottom 
beneath it, as has been noticed by Mr. LyeU*. The 
effect of waves, particularly those which act with 
transporting force on the bottom, is to raise lines of 
ripple marks. The particles at the bottom are then, 
indeed, forced onwards by friction, the lines of little 
elevations being modified by the vibratory action also 
produced in the water at the same time. The ripple 
marks, modified by vibrations in the water, may be 

* Principles of Geology, toI. iii. p. 176. 
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expected only in moderate depths, to 'which the vi- 
brations of a wave might extend, while the little 
elevated lines caused by the simple Motion of a mass 
of water upon yielding sand may be formed at any 
depths in which water could move with sufficient 
force. 
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CHAPTER V. 

Wb can scarcely conceive that detritus, particularly 
when finely comminuted, and then most fayouraUe 
for tiie exertion of chemical affinity, can be in juxta* 
position, and kept moist, and even wet, for long pe- 
riods of time, witiiout suffering some chemical change. 
The abundance of crystals of selenite and iron pyrites 
in days, that have evidently been deposited from water 
in which finely comminuted matter had been mecha- 
nically suspended, clearly show that chemical affinity 
has there been sufficiently strong to overcome the at- 
traction of cohesion, which, to a certain extent, must 
have existed among the particles of deposited matter. 
Such effects must, of necessity, constantly vary. 
It would be difficult to find any two deposits from 
fine detritus, mechanically suspended in water, which 
should be perfectly the same. Chemical changes in 
them would therefore be produced under the influ- 
ence of different circumstances. Rocks must also 
receive considerable chemical modification by tiie per- 
colation of water through them. Those which, from 
geological changes in the relative level of sea add 
land, are elevated above the sea, would not be placed 
under the same conditions as those which remained 
beneath the sea. There is scarcely any spring water, 
such as may be considered the result of t^e per- 
colation of atmospheric water through rocks, that 
does not contain some mineral substances in solu- 
tion» which it must have procured in its passage 
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through the rocks. Now, though this quantity may 
be small, when we regard the composition of any 
particular spring water, yet when we consider the 
soluble matter contained in the spring waters of any 
given 1000 square miles of country, and that this 
subtraction of matter from rocks has been going on 
for ages, we may readily conceive tint the amoimt of 
diemical change may be greater than at first sight 
we might anticipate. We may also infer that the 
more soluble portions of rocks have a consta&t ten- 
dency to be removed whexi exposed, not only to direct 
atmospheric influences, but also to the percolation of 
rain water through l^em, so that most rocks would ex- 
perience great difficulty in reeasting chemical changes 
ci this kind, and of preserving their original chemical 
nature, more particularly when elevated into the at- 
mosphere. 

Dr. Turner has shown that in l^e decomposition 
of the felspathic rocks, producing porcelain clay, the 
quantity of silica earned off by solution was enormous. 
He attributes this loss to the freedom with which it 
could be dissolved when exposed to the united action 
of water and alkali at the moment of passing from the 
state of combination which constitutes feli^ar. The 
same author considers " that every 2 equivalents of 
alumina, present in porcelain clay along with S^ of 
siUca, corresponded in tiie original felspar, from which 
it was derived, to 12 equivalents of silica and 1 of 
potash*.** 

• The great mass of mechanical rocks has been de- 
posited in the sea. Hence we might generally expect 

* " On the Chemistry of Geology," London and Edinburgh 
PhiL Mag., July 1833. 
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to ind at least tbe pcedomiiumt saltB of the sea dis* 
seminated through sueh rocks, so as to be readily 
detected. This* however, is not the case. Now it 
IB difficult to coaceive how this saline matter is sab* 
tmcted froia t^em to snch an extent as we find it is. 
We may suppose that when elevated from beneath 
the sea into the atmosphere, tiie rain water, which 
then has a tendency to percolate through such rocks, 
would carry off a large proportion of the saline mat- 
ter in solution. This would undoubtedly be a slow 
process, but, continued through a long series of ages, 
it would appear to be certain in its efiects. This hy- 
pothesis would not, however, account for the absence 
of marine salts in rocks beneath the level of the sea. 

The collective amount of soluble matter carried by 
livers into the sea, and derived from rocks by the 
percolation of water through them, must be very con- 
siderable, more particularly when we measure time 
by centuries, and not by single years. Rivers in which 
a large amount of finely comminuted detritus is me- 
chanically suspended,, cannot fail also to contain mat- 
t^ in solution. The very detritus itself is likely to 
be acted on by the water in which it is suspended, 
even if the latter was not impregnated with soluble 
matter derived from the rocks whence its springs 
issued. Calcareous detritus would be liable more 
particularly to be so acted on, as also the fine com- 
minuted particles of felspathic rocks. 

All this matter must be carried somewhere. Manv 
changes must be produced by the action of the vari- 
ous substances thus carried out into the ocean, not 
only on each other, but also on the saline contents 
of the sea^ Chemical deposits cannot fail to be pro- 
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duced, erenof IdndB which we do not anticipate from 
our present knowledge either of the relative amount 
of substances thus situated, or of the possible com- 
binations they may enter into. The diemical de- 
posits which we are most accustomed to study, as it 
were, in the act of formation, have not been produced 
under the same circumstances. They are chiefly cal- 
careous and derived from the waters of rivers, fresh- 
water lakes, or thermal springs. The few natural 
deposits of silica and sulphate of lime which we ob- 
serve now taking place are chiefly from the latter. 
Of the chemical rocks which may be now forming in 
the sea we know almost nothing ; yet all the soluble 
matter conveyed into it from the land, independently 
of the soluble substances thrown into it from volcanic 
action beneath its surfeuse, must be productive of some 
result. 

There are also certa^ aggregations of particles in 
rocks, mechanically produced, which must have re- 
sulted from mutual attractions among each otiier, and 
which are not a little remarkable. It nottmfrequently 
happens that in clays, containing disseminated car- 
bonate of lime, there are nodules more calcareous than 
tiie other parts, and which we readily perceive are n^ 
bodies rounded previous to deposition, although at a 
distance they have that appearance. We will select 
for illustration some nodules of this kind in the lias of 
Lyme Regis, though such bodies are sufficiently com- 
mon elsewhere. 

Fig. 11. 

6 
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The nodules a a (figi 11.) range in a line parallel 
"with the general stratification, and are not far removed 
above the mass of lias limestMies, which alternate 
with marls or shales, and constitute the lower part of 
the lias, taken generally, at the same place. Now these 
nodules contain a greater amount of carbonate of lime 
than the shale or marl above, beneath, or between 
them. We might therefore suppose that they were 
concentric concretions ; but the fact is they are not 
such. 

Rg. 12. 





When we obtain a section of, or fracture them, 
we find that they are laminated, as represented 
above, (fig. 12.,) the laminae having the same di- 
rection as the great mass of stratified rock of which 
they form a component part. The laminae of the no- 
dules are precisely parallel to the laminae of the shale 
or marl in which they are inclosed, and little doubt 
can exist that they once constituted continuous por- 
tions of each other. The particles of calcareous mat- 
ter have separated from the mass of marl, and have 
congregated together as we now see them. When 
we fracture these nodules through their centres, and 
parallel to the laminae, we generally find some fossil, 
such as a fish, an ammonite, nautilus, or piece of 
wood, which seems to have formed the point of attrac- 
tion to the various particles of calcareous matter that 
have assembled together. We might therefore infer 
that a fossil or other foreign body was always neces- 
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sary to tht prodiiction of the npdoleB ; ba4 liioii^ 8iic)i 
bodies are very commoiily lyaoovered in tlie eeatsoi 
of the nodnde?; they axe not ahraya present in tima. 
There are many without them, and some contaia «ma]l 
scattered ammonites and otiier shelb, not more ahuii- 
dant in their centres than in other portioBs. Hence, 
though fossils or odMr bodies may ha¥e« and most pro- 
bably have, assisted in attracting these particles of mat- 
ter together, they are not essential' to the prodnoticHaof 
the nodules. They have resulted from the aggregatt<m 
of these particles in such a manner that the original 
lalninated structure has not disappeared. If we con- 
ceive a particular line of deposit to have contained 
calcareous matter which, though insufficient to con- 
stitute continuous limestone beds, was too plentiful to 
remain disseminated in the marl without endeavouring 
to arrange itself differently, and in small masses, we 
may probably approximate to the truth. This view is 
borne out by considering how some of the upper beds 
of the lias limestones, at the same place, are circum- 
stanced. They are evidently only extended lines of 
flattened nodules, which are, however, not generally 
laminated, but compact, the arrangement of the par- 
ticles having been more general. Fig. 13. represents 
such strata, or rather attempts at strata, a, a, a being 
argillaceous limestones, b, b shales. 

Fig. 13. 




Now the latter structure in rocks, evidently me« 



dUnkttBy prbdvoed, aad eren ndt mikano/fis, knwl 
b« fimifiir to every geologist, thovf^ it is more pie- 
vide&t where calcureoos matter is intermii^led with 
othtf substances. It is commoa ia various saadst^Ms, 
sod is evidently the result of the attiaetioa of oertaio 
psrijeles amon|^ each other after deposition* The la* 
tteOsr stnasture of nodoks ia siliceoaa saadstoaes i$ 
sometimes also observable, an aggregatton of partidea 
baviag taken place on the same principle as that ab^vis 
noticed in the has, the cementing matter being seme^ 
times cakareoQs, at others siliceous. 

Layex6 of nodules, not lamellar, yet composed ef 
M^wtaficses which have separated out from the con- 
itxtueat parts of a mechanical rock after deposition* 
are connnon in many strata. The ironstcme nodules 
of Idle coal laeasures seem to have been thus produced. 
They also sometimes contain organic remains, such as 
portions of fossil vegetables ; but as multitudes eaisi 
without organic exuviae, they are evidently not essen- 
tiel to the formation of the nodules. The matter of 
Aodales appears sometknes to have separated out from 
the body of the rock in which they lUre found in such 
a iDanner, that there has been a contraction of parts, 
^rom desiccation in the interior, producing cracks, 
which have subsequently been filled up, by the ioil" 
tiation of carbonate of kme. The annexed sketch 
(fig. 14.) reprtaeota one of these concretions, corn- 
Fig. 14. 
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XHoaly Imown as turtk stoneMi Utdus HeinumiU, &o 
The ettemal parts have first become consoUdated, so 
tjiat during the desiccation of the interior, the internal 
j)art8were compelled to separate intocracks^and shrink 
towards the circumference, leaving the largest fissures 
in the innermost parts, as must necessarily happen. 
The subsequent filling up ai the cracks is generally 
illustrative of the gradual accumulation pf matter from 
tile side of such veins towards their middle portions. 
Goat above coat of carbonate of lime cover one another 
until the sides meet, highly crystalline matter filling 
tip the irregular cavities which have often thus resulted. 
Nodules of this description, which generally exhibit no 
trace of either concentric or lamellar structure^ are 
frequent in many days and marls. 

An aggregation of siUceous partidea is pointed 
Out by Mr. Babbage as acddentally occurring in the 
l^reparation of the clay used in the manu&cture of 
porcelain. It may be regarded as an experiment high- 
ly illustrative of the separation,, by affinity^ of ex* 
tremely comminuted partides of matter, deposited 
from water lyhich previously contained them in me- 
chanical suspension. In the common process of pre- 
paring the plastic substaxfoe for the potteries, flints 
burnt and ground are suspended with a certain pro- 
portion of clayey matter in water, and a deposit is 
produced of the required distribution of the partides 
of silica among the clay. If the compound be used 
in proper time, the siliceous particles remain dissemi- 
nated ; but if it continue long at rest, the silica be- 
comes aggregated in small lumps, and the mass is 
rendered useless for the manufacture *. 

* Babbage, Econdipy of Manu&ctutes^ 2ad Edit. p. 50. 



> llie same anthor calls attention to tiiisfket as i!h8« 
tratiye of the formation of flints in chalk ; and certBxolf 
there appears considerable analogy between them. Th#' 
silica appears to have separated out of the great mass 
of calcareous matter, and to have arranged itself in 
numerous instances round various organic matters. 
As in die case of tiie calcareous aggregations above 
mentioned, tiiough this frequently happens, it is not 
a constant fajct, and vre may thus consider such a nu» 
cleos not to be necessary to the production of the flint 
nodule « Some determining cause, though not neces« 
sarily an organic remain, must have produced the ac« 
cumulation of siliceous matter in a particular point ; 
and this cause must have extended in lines parallel 
to the general stratification, since the flints commonly 
occmr as represented beneath, (fig. 15.,) a, a, a being 
lines of flints in chalk. 

Fig. 15. 



Another curious circumstance attends the separatioit 
of siliceous matter from the body of the chalk. Veins 
of flint traversing the lines of stratification (fig. 15. 5), 
and appearing like cracks filled up by silica, are not 
unfirequent in many parts of the rock. Now the sub* 
stance of these veins seems as good flint as any of the 
nodules, and we are led to conclude that they have 
been produced by causes similar, aafar as regards the 

b2 
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iKB|Mxatioiiof tbe «ilif«oiis iniitftar,totlu)aeiidiieli]iaTe 
lonoed the aodules. The regulftiitj of the lines of 
4ints remiQds us of the regularity ctf lines of ealear 
^eou8 nodules in many days. There wea, jHrobaUy, 
in a certain amount of deposit, fonned over a certaioi 
area, a quantity .of uliceous matter which had a ten- 
dency to aggregate into nodules, and the more readily 
as organic exuvi8& constituted poiirts of a t tractioa. 
We have seen in the ease of the jdastic substance 
used in porcelain manufactures, that vrhsa we coaa- 
pare it with great natural operatimis, a shfMrt compa** 
tative time is alone necessary to cause the aggrega* 
tion of the siliceous particles. Hence upon a certain 
amount of deposit the siliceous matter would separate 
out into nodules ; and this operation being repeated, 
there would be a repetition of similar effects, and we 
should have lines of flints arranged in lines above tadk 
other, and parallel to the general line of stratification. 
The mere mechanical aggregation of siliceous parti- 
cles, though 'the latter may have been very minute, 
is however insufficient to account for aU the phseno- 
mena observe'd. There has evidently been, in numer- 
ous cases, such an infiltration of siliceous matter into 
the pores of certain organic remains, that there is a 
difficulty in explaining the presence of the silica, un- 
der such circumstances, otherwise tiian by consider- 
ing it to have entered into these bodies in a state o£ 
solution. In certain chert nodules of the greea sandy 
and indeed of other arenaceous rocks, we often ob-* 
serve a curious passage from a decidedly arenaceous 
structure into one apparently chemical. The interior 
of many of such nodules is holbw, and the nuunmil- 
lat?d cbalc«doiuc interior has mdently been produced 
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in the mttnner of Btalactltes. There hai been a per^ 
colatioa of a liquid, contaimng silica in aolntion, 
through the arenaceous matter towards the interioi^ 
of the nodule, yet the passage of one structure into 
tiie other is generally gradual. We shall have occa<' 
sion to notice the flint veins under the head of reins 
generally. 

The cleavage of rocks, which may be, and often has 
been, mistaken for stratification, seems due to pard*^ 
enlar arrangements of the particles of matter after the 
otigiiial deposition or production of the rock. It H 
as much observaX^e in some of the rocks, cbmmonly 
termed unstratified, as among those name^ stratified : 
in those which have resulted from fusion, as in those/ 
which have ori^ated from solution or mechanical 
deposition. We should more particularly be incfinetf . 
to expect cleavage in rocks whose immediate origin 
has been solution, and which approached the com-* 
poution of a salt, such as neaiiy pure carbonate of 
lime or dolomite. Numerous limestone rocks are 
cleaved in directions perpendicular to the stratifica*^ 
tion, and sometimes tiie cleavage approaches the 
ihomboidal character of calcareous spar. limestones, 
whidL even contain an abundance of organic remains, 
frequently present natural tdeavages in sudi abund- 
ance t^bat it becomes no easy matter to decide at a'^ 
short distance which lines i^ould be considered those- 
of stratification. Attention to^the general dip of the 
rock, and to the mode in which the organic remains 
occur, (beds generally containing certain marked as- 
semblages of them,) will no doubt decide the diffi- 
culty ; but there are situations where the cleavages 
of limestones are sufficiently embarrassing. Where 



the olea^age trav^nes oiganic reinaiq» tkenaehes^ 
dividing them in such a manner tliat a portion of the 
•hell or other fossil is cm each side of the fissure* the 
dmsion is necessarily easy. In some carhoniferoiis 
9nd graawacke limestones deceptive cleavage is very 
^ODunon. 

Cleavage must even be more common in rodcs than 
IS made apparent in natural sections or exposures; for 
iBTockmen are g^ierally avirare that the various roeks 
they employ for building or other purposes have what 
they terin a grain, that is« the rock will split in one 
or two directions easier than in others, Ghranite^ 
w<«km are, for the most part, particularly expert m 
finding the grain, when, to a common observer, there 
is no very marked difference in appearance between 
those parts of the granite into which they drive v^edges 
to force open the rock into plane surfaces, and those 
where they say it would be useless to work. Having 
once ascertained the direction of the grain in a quarry, 
they have little trouble in raising large masses of gra- 
nite, which they find readily cleavable in given direc* 
tions. It is this cleavage which, by the decomposition 
of the granite in part, has produced the tors, as they 
are called, of Dartmoor, Devon, and which have often 
the a{q;>earance of art. The following sketch (fig. 1 6.) 
of part of Great Staple Tor, seen from the south-west* 
is more like the remains of some huge building, or 

Kg. 16, 
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bftttlement, than the effect of cleavage And deecmi^ 
position, which it is. 

The cleavi^e of the Devon and Cornwall granite iii 
frequently in given directions over considerable areas^ 
showing lliat the causes producing them have acted 
on the large scale. The most general is from N.N. W« 
to S.S.E., as has been observed by Mr. Fox m tbt 
granite of Penryn*. 

The cleavage of granite at its junction with slati 
and other rocks is sometimes highly deceptive. Tlia 
granite of Devon and Cornwall has often been termed 
stratified from this cause. A little attention Willi 
however, in general, show that the lines resembling 
those of stratification run into one another in vanoo^ 
directions, or only continue for short distancesf, iti 
die manner represented beneath (fig. 17.). 

Fig. 17, 




As the graidte of this part of England is generally 
porphyritic, that is, contains large disseminated cry- 

* '* On the Granite Dutrict near Penryn, CoijowaU/' Londoa 
and E^nburgh Phil. Mag., May 1833. 

t The well*known Cheese Wring on the eastern edge of the 
mass. of granite north from Liskeard, Cornwall, appeara like a 
number of cheeses piled on 6ne another, (whence the name,) when 
viewed in one direction^ — ^therefore like the remains of beds of 
gftnitei but aeen en the W. and S.W. sides ii found to be eaa 
WMU, with cleavage lines upon it, which do no( run rifuUrljp 
round. 



Sink ^ febpor, pAit of Bueh cryfitals may scNuetime^ 
be observed on one, and part on the otlier side of the 
deavage, Ihm clearly sepavnting such appearances 
fr^i^ stratification. While on the subject of thsee 
appearances in the Devon and Cornwall granites, it 
jfii^j b^ m^iowked, that though their posteriority to 
|fa9 gfauw%c)ce of the san^e. districts may be shown 
from various circumstances, the cleavage, resembling 
li^r4tifieaii<m at a distanoe, runs in planes parallel to 
tbp^e of the fstratifted rock which they support; tfan^ 
f^mg the U|^r surfeu^e of the granitic masses the 
{(|)p^amoce of /stratifted rocks upon which other stra* 
Iifi9d foeks have he&a deposited. The following sec* 
lion^mthe north side of Dartmoor, will illustn^te ibif 

Fig. 18. 

BeUUma. BeUtone Tor. 




gramt^, which becomes deayed at 6 ip liQep pa* 
iiilei to the overlying alt^i^ed gruuwacke c. 4 green? 
stone, bounded by planes parallel to the strike or di- 
i*detion of Ifie grauwacke, and thence appearing as an 
jqch^ded bedt c grauwf^e saadstope. ( merely 
affovds one view of the cleavi^ of tlie granite. It 
19 al9o cleaved perpeniicularly in lines about N.N.W. 
•ad S.S.E., and also by others whieh nm at right- 
ang^, or nearly so, to these la&t, so that the interr 
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sectioos of tbe resokiiig pimes produce kfge ftit» 
teiied pnmiftlic blocks. The perpendicular deayages 
in N.N.W. and S.S.K lines are ihe most constant. 
The perpendicular fissures of granite on the coaat of 
C!omwall often give a columnar character to the rDck» 
as hsfi been remarked by Mr. Came. 

Hie attraction of the particlcB of granite in audi a 
vajr as very commonly to form either prismatic or 
rhomboidal masses took place apparently after the 
various elementary substances constituting the com* 
ponent minerals of granite had crystallized out, and 
produced the confusedly crystalline substance we now* 
see. If this view be correct, the dearage would be 
a secondary action. It might have taken place either 
daring oonsolidation, or even after the mass had as*> 
sttmed the solid form. The cleavage of such a sub^, 
stance as granite would so far differ from that of 
regular erystals, that the latter may be considered as 
a deinite chemical compound, while the giooite is a 
mixture of various crystalline substances, each with 
its own deavage as a JBepazate mineral. If we con- 
sider the granite blocks to be, as hajs been supposed; 
the result of globular internal structure, we should 
siqpest that the planes, produced by the pressure of 
the spherical masses against each ofiier, would not 
be tiie rhomboids or parallelqp^ieds we find, but other 
figures. 

That differences of temperature may ptoduce^dtf^ 
femnt arrangema:its in the particles of a solid body> 
witfaoot alteiing its e3ctemal form, has been well 
esftBldaihed by M. Mitseheriidi in his experiments on 
sulphate of lime and other substances. Prismatic 
crystals of aulphate of aidcel had thdr internal ar- 
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ruigement changed in a few days by the mere action 
of the sun's rays upon them in a closed vessel, so that 
.when broken they were found composed of octohe- 
drons, with a square base, the external fDrms of the 
icrystals being unchanged*. When acquainted with 
these and other foets of the same kind, we are led to 
suppose that rocks may not only become visibly al- 
tered by the long-continued action of diminished or 
increased heat upon them, but that they may also 
have their various parts differently arranged^ as to 
mutual attraction, without the general appearance of 
the rock being sensibly, changed. We might there* 
fore regard the deavage of granite as, to a certain 
extent, a crystalline arrangement of the mass, after 
general consdidation and the crystallization of the 
minor parts. The regularity with which granite, in 
various parts of the world, is split up, either naturally 
or artificially, into riiomboidal or prismatic masses, is 
quite as remarkable as the cleavage of crystals intci 
minor portions. 

Many sandstones, particularly siliceous sandstonest 
readily divide into fiat rhombic prisms and other re* 
gular figures, which, though often observable from 
the decomposition of the rock, are more frequently 
seen when the sandstone is fractured. They axe in 
general comparatively small and thin, such as that 
represented in fig. 19., which is from the grauwacke 
of the Hartz. The longest side of the spedmea 
itself is five inches, and the shortest two and a half 
inches long, the height being about three quarten 
of an inch. The acute angle is = 67^ and the 

* Mitschcrliehi A|ui|il^ d< Chiinie, torn, sujjnrUi 
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Fig. 19. 




obtuse = 113°; bo that this portion of an arena* 
ceooB rock, bounded by cleavage planes, has all the 
regularity of a crystal. It is not intended to state 
that all the portions of detrital rocks, thus formed by 
deavage into rhombic prisms, present the same an- 
gles; but the numerous cases in which there is an 
approximation towards them is somewhat remarkable. 
In many parts of the arenaceous grauwacke these ap- 
pearances are common, so that beds are easily broken* 
^ into regular fragments, three, four, five and six 
inches in length, and less than an inch in thickness. 
Tke aggregation of particles in this case has taken 
piaoe among grains of detrital matter. Nevertheless 
the prismatic or rhomboidal form, as the case may be» 
tesniting from the intersection of cleavage planes^ 
strongly reminds us, as before stated, of crystalliza- 
tion. Calcareous matter is sometimes found, but it 
IS by no means a necessary condition of the rocks 
^vUch thus eleave, for the same kind of cleavage is 
observaUe in sandstones in which carbonate of Hme 
caomt be detected. 

Some shales have cleavage fissures of remarkable 
ttppearances ; among them we may notice perpendi-* 
cular lines parallel to eaeh other, dividing the rock in 
SQch a manner, that when the plane of stratification 
is viewed for some extent, the divisions have the ap« 
pevanoe of ptedks ranged side by side. This kind 
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of cleavage is well seen in part of the lias shale of 
Lyme Regis, beneath the Chnrch Cliffs, llie lines 
may be considered as imperfect developments of rhom- 
boidal or prismatic cleavage, the cross fissures not 
having been formed. 

Nothing is more common among argillaceous slates 
of various ages than the cross cleavage represented 
beneath (fig. 20.), «, a, a, a, a, being the real Imes 

Fig. 20. 
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of stratification, while the otk&r parallel lines are 
cleavage fissures. Tbm stmotore is occasionally very 
embaxrassing ; and it is by no means easy to decide 
between the lines of stmtifioBtion and cleavage. Stush 
deavBge fissures must be caiefully distingui^ed fttun 
that kind of subtftvatification so common in many are** 
naceous rocks, and notioed above, wbich gives a dia- 
gonal arrangement to the parts of a bed . The former' 
uacy be generally known by tbeir regularity, and ht- 
quently by Hie considerabie angle, sometimes amount- 
ing to a right angle, which the cleavage planes make 
wiHi those of stratification* 

This tendency in so many rocks, both chemical an^- 
mechanical, to divide into solids of more or less regu- 
larity, clearly pcxnts to some law according to which- 
llie particles of solid matter endeavour to arrange 
tliemsdves, no consequence how produced, in deter- 
minate figures. Of these the prismatic and rimm- 
boidal are most comnumly observed. We have above 
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ufAaaed that ^ kag'coBtUMKuioe of some gma tern- 
peratore will produce a ckange in the amngement of 
the coofititueBt pertkiea without akering the extenial 
form of liie mass. The arenaceous hearthstone long 
exposed to oontiniied he«t» inesffieient to fi»e it^ in a 
Uast furnace at Slnffnal^ and noticed by Dr. Mac- 
coUocb, is a curioua ezamide of tlie prismatic arrange* 
meat which may, nnder Buch cirGumstaBCea, takt place 
am<Mig grains of matter acddentaUy thrown into jnxta* 
podtkm. Tins fact has been adduced in iDosliation 
of the prismatie character of certain sandstones, in 
positions which would justify the conchiBion that they 
also had been exposed to the loBg^continned aetioii 
of heat, being in contact with, or near, masses of 
trappean rock. The disposition of sandstone to be- 
oome prismatic under sudi conditione, whidl^ is stiB 
further ilkistrated by the prismatic arrangement of 
stmdstones, baked in kibs for the puspose of harden- 
iag them, between HaJiftiz and Hnddersfield '^, is 
highly interesting in connexkm with rock cleavage. 
It shows that mottto, in the fmt place mechanicidly 
aggregated, may subsequently have its particles so 
acted on that ^te mass becomes composed of numer- 
ous sofids, of a certain regularity of form, while its 
arenaceous aspect remains. 

If we admit the theory o£ Mr. Gk'egory Watt re- 
spec^g flie columnar structore of basalt, and rocks 
of that kmd, we have evidence that by the poessure 
of spherical coneretions produced during consolidation 
of the rock, a series of prisms are formed, hexagonal 
if the centrea of the apkereB^ or i^heroids be equicti- 
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stant j&om each other; of other figures, if the pree* 
Bures be imequal from differences in the distances of 
the centres. This author supposed that, in the 8ur« 
&ce or sur£ftces first slowly cooled, c^ stratum of sphe« 
roicU^ indth centres more or less equidistant, was pro* 
duoed. These spheroids, by gradual increase in their 
volumes, pressed agidnst each other laterally,producing 
liexagonal figures when the pressure was equal. Up* 
wards, however, supposing the bed of basalt to be 
nearly horizontal, they could extend indefinitely, at 
least to the top of the bed, if circumstances were fa- 
vourable. The result would be a multitude of prisms 
pressed against each other, and perpendicular to the 
iMirface where the spheroids were first formed. Mr. 
Watt found, in his experiments on the fusion and 
slow cooling of basalt, that the spheroids produced 
yrexe not only radiated from their centres, but were 
also arranged in concentric coats. He hence ccm* 
eluded that the joints, sometimes observable in ba- 
saltic columns, were formed by surfaces corresponding 
with such concentric coats. This theory is strongly 
supported by facts, more particularly by the horizon- 
tal arrangement of columns in perpendicular dyke^*- 
such as those at the Giant's Causeway, and other 
places, where the columns, proceed from the sides of 
the dyke to the central parts, and there become con- 
fused, fin)m the meeting of the two systems of co- 
lumns, if, as Mr. Watt remarks, circumstances be so 
far favourable as to permit such a meeting*. 

Spherical and spheroidal concentric concretions are 
very common in basaltic and other igneous rocks, 

* Watt, << Obseryations on Basalt," &c, Phil. Trans., 1804; 
see also Geological Manual^ Jlrh Unstnitifi#d Rocki, p. 469. 
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They are sometimes not observable until the rock has 
been subjected to a certain amount of decomposition, 
when the outer coats being decomposed, and the inner 
portions remaining unchanged, the rock seems com* 
posed of numerous cannon-balls and bomb-shells, se-' 
parated from each other by softer substances. 

Although the forms observed in these chemical 
rodcs so far resemble those noticed above as occur- 
Ting in the mechanical strata, that they are both the 
results of particles aggregated together after the rock 
has been first produced, yet they probably differ in 
other respects. We can scarcely conceive that the 
pressure of spheroids against each other would give 
us the flat rhombic prisms arranged as they are so 
commonly in the grauwacke ; neither should we ex« 
pect to obtain the long lines of laminae which so fre-* 
quently meet the lines of stratification at various 
angles in argillaceous slates. No doubt in all these 
cases there is an aggregation of particles giving rise 
to peculiar forms ; but the mode in which this was 
effected appears to have been different. 

The whole theory of altered rocks depends upon 
the power of the constituent particles to arrange 
tiiemselves in a maimer different from that in which 
tiiey previously existed, and this in Consequence of 
the continued action of a heat insufficient to produce 
fusion. When we see chalk converted into granular 
limestone on each side of a basaltic dyke, as is ob- 
servable in the Isle of Raghlin on the north coast of 
Ireland'*', we remark that there has clearly been a 
Hew arrangement of the particles of carbonate of lime» 

* BucUand and ConybearCi GeoL Traiis.f voL iii. ; and Geo- 
logical Manual, p. 879. 
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Inttead cf the looee aggregatioii, no wqU kaxywn ia 
cbttik, ve find. a crystalline anangement of paxts, tbe 
orfstaUizatum being more perfect in proportion tx> die 
proximity of the basaltic dyke. All analogy teaches 
us that in this case the altemtion has bcoi produced 
by heat^ oommnnicated to the chalk from the basalt. 
The casMe and effect are apparent. 

If fusion took place, there would be an end to thip 
siratificatioa of the rocks acted on by heat. The new 
arrangement of parts is effected without a liquid con- 
dition of the matter composii^ the rock& That li- 
fuidity is not necessary to such changes is well proved 
by M. Mitscherlich's researches into those pvoduced 
in the structure of some crystallized substances by 
different degrees of temperature. The changes 
caused in the sulphate of nidcel have already been 
noticed (p. 106.). Crystals of sulphate of zinc and 
Stt^hate of magnesia, gradually heated in alcohol, 
lose their transparency, and are found composed of 
numerous small crystals, differing in form from those 
used in the experiment. Prismatic seleniate of zinc, 
exposed to the sun on paper, speedily dianges into 
octohedbral crystals with a square base. The same 
distingmshed author observed that the optical proper- 
ties of plates of sulphate of Hme and other substances 
were altered by changes of temperature, showing an 
iteration in the interior structure, while no sensible 
exterior modification could be observed in the plates*. 
The various tempering of steel, and the annealing of 
glass, must also arise from new arrangements of the 
particles of steel and glass caused by heat ii 

* Annales de ChimiCf tom# xxxviL 
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to produce fasion. If we take a piece of eommoii 
green bottle-glass, and expose it to continued heat, 
insufficient to cause fusion, we obtain a cryBtalline 
substance, composed of numerous prisms arranged at 
light angles to the surfaces of the glass, the external 
form of which remains unaltered, notwithstanding the 
new arrangement of the internal particles. 

These changes, which can readily be made appa- 
rent by experiment, prepare us for greater changes, 
produced by similar means, though on a far different 
scale, in nature. While, however, we conceive that 
rocks are thus frequently altered on the large scale, 
when in contact with masses of igneous matter which 
have continued to give out heat through long periods 
of time, we must not forget that rocks are very bad 
conductors of heat, and therefore we must allow a 
reasonable limit to an action of this kind. The well- 
known fact that lava currents have been traversed by 
inen while the liquid melted rock has continued to 
flow in the interior, is sufficient to prove the bad con* 
ducting powers of at least such lavas. There seems, 
however, no exception in this respect in favour of lava, 
for it appears to be the case with ail rocks : if it were 
not so, and the central heat of our globe be founded 
on probability, the surface of our planet would be 
uninhabitable by all that at present exists upon it. 

The .probable limits which we may assign to the 
alteration of rocks by long-continued heat is of ne* 
cessity exceedingly difficult to determine. Experi- 
ments ^to illustrate this point caii scarcely b^ satis- 
factorily made ; for we can neither command the mass 
of heated matter, nor the body of rock through which 
the heat has to paw before all be reduced to a 

z 
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Qommoa temperature : njaitber can we ccHnBund that 
great element, time, the neoessary jwnt cause of so 
much we find on the surface of our planet. 

As all rocks appear, with very slight variations, 
such bad conductors of heat, it follows that if a great 
pass of granite or trappean rock be thrown or in- 
jected among detrital rocks, such as sandstones, shales, 
&c., much will depend on the facility with which the 
heat may p ass off. If a portion of the liquid heated 
rock be th rust through into the atmosphere, radiation 
will take place more, rapidly than if it be entirely sur- 
rounded by rock, and therefor^ alteration around it 
would be more perfect in the latter than in the fonner 
case. Pursuing this mode of ireasonii^g, the deeper, 
beneath a mass of strata, igneous, rock may be in- 
jected, the greater, all other oircumstancea being this 
same, would be the alteration, of the surrounding 
strata. The longer, also, a given heat should continue 
to peas through a mass of rock, the more complete 
ahould we expect to find the new crystalline arrange- 
ment of parts. 

We m^st be careful to limit the alteration of rocks 
to reasonable distances, measured from the body of the 
hjeated igneous mass. The latter can only retain its 
heat, sufficient to produce the effect required, becau^^ 
the difficulty of parting with it is great. Therefore 
after a certain distance the quai^tity of heat passing 
in a given time becomes too small to produce an ap- 
preciable change.. Hence the amount of change de-^ 
pends on the mass of the heated rock,, the conditions, 
as to position, under which it may occur, and the 
conducnng powers, as to heat, of the surrounding 
rocks, rhe first gives us the greatest amount pf heat. 
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the second the lengdi of time k may require to paM 
off, and the third the distance to which it may ex# 
tend with sufficient intenaty to caase alteration in 
the particles of the constituent matter of contigiv^ns 
rocks. 

- We shall condnde this chaptes with aa observatioii 
on the consolidation of rodoi. It at first* sight seesiis 
difficult to explain how ceFtai& sandstones beeooM 
consolidated. A curious fact, noticed by M. Pouillet, 
seems to throw light on this subject. He states that 
after the plates for looking-glasses ha^re leceived their 
last polish in the manuiketories of Paris, they are 
placed side by side, like hooka slightly inclined on tiie 
«kelf of a library. If tiiey be now left undisturbed 
a long time, they adhere so strongly together, that 
not only is it difficult to* separate them without break- 
ing, but three or four pieces are scHnetimes also so fai 
incorporated, that they may be worked together, and 
even cut wildi a diamond, as if the whole were ori- 
ginally one piece. This aatbof also infi>nn8 us tiiatt 
M. Clement Desormes showed him portions of plate 
glass, taken for tiie purpose of ezpermient from tbe 
loyal manufactory of St. €K>bin, which were conah« 
posed of two, liiree, ca four pieoes otigiaally distinct. 
^ These specimens were reetbngular,- several inches' 
long, and the various pieces of which tiiey were com- 
posed, tihnsf united by time, at common, temperatures, 
adhered as powerfully as- if formed tbgether. Great 
Hiedianical force was requisite to make tiiem slider 
on their junction surfaces ; and when they were con- 
sidered to have separated, it was found that, instead 
of sliding, they had broken, so that the junction sur- 

i2 
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face of one was covered to a great extent by detached 
portions of another*." 

: We might, perhaps, infer from the facts above no*^ 
ticed, that grains of quartz, so commonly constitutiiig 
sandstones, may be permanently made to cohere by 
long-continued pressure, under favourable circum- 
stances, beneath great masses of rock. The pressure 
to which many arenaceous rocks have been subjected 
must have been enormous ; and it is remarkable that 
slightly aggregated sandstones are more common 
among the more modem than among the more an- 
cient strata. There can be no doubt that cem^iting 
matter, chemically produced, has greatly promoted 
consolidation; yet, probably, long- continued juxta* 
position, under pressure, has not a little aided the 
process. We certainly discover sands without co- 
hesion among strata, but such are very rare amcmg 
the older rocks. 

It may be here observed^ that arenaceous rocks 
long exposed to the percolation of water, charged with 
foreign matter, would have a tendency to be consoli- 
dated by the deposition of such matter among the 
constituent grains. That silica in solution percolates 
through such rocks, we have proof in the fossil shells 
often converted into chalcedony in sandstones, the 
calcareous matter of the shell having been removed, 
and silica infiltrated into the mould thus prepared ta 
receive it. That silica, carbonate of lime and other 
substances percolate through rocks of much finer tex- 



^ Pouillet, E16mens de Physique Expfirimentale, V>ni. iii. p. 41. 
Seconde Edition. Paris 1S32. 
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ture than sandstones, is proved by the formation of 
agates and other minerals in the cavities of basaltic 
and trappean rocks, such cavities having originally 
been produced by bubbles of gas when the rock was 
in a state of fusion. 
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CHAPTER VL 

Wb have previously remarked that the surface of dry 
land has heen shattered and broken into fragments, 
and that there is rarely an area of a few square miles 
which does not bear marks of having been acted on 
by disrupting forces. Seeing that this is the case 
with such portions of the earth's mineral crust which 
rise through the ocean into the atmosphere, we may 
infer that the solid matter beneath the ocean is not 
exempt from similar fractures ; for we cannot suppose 
that the dislocations of the earth's surface have been 
confined to those portions only which are accessible 
to our observation. We may, indeed, consider that 
the whole mineral crust of the globe is broken into 
fragments of various sizes, forced into contact by 
grantation towards the centre of the earth. The 
more recent rocks must necessarily be less fractured 
as a whole, than those which are more ancient, also 
taken as a whole ; for as the former rest on the latter, 
dislocations in them caused by forces acting from be« 
neath would traverse both equally, while the more 
ancient rocks may have been, and no doubt have been, 
broken before the comparatively recent rocks were 
formed. It would therefore follow, that in a district 
composed of more recent rocks, the fractures visible in 
it would not afford a just estimate of the amount of 
dislocation to which that particular part of the earth's 
mineral crust has been subjected ; for the strata be- 
neath may have been greatly broken before the rocks 



Tisikle in the difttrid; iv^er^ In eadsMtoe. Conse- 
queaHy, in tracmg line* of idM^ctsXkm^ we tkKmid be 
carded to obeetre, i^wther they texminate at rocki 
Dei^rer thm those ih wideh we had traced ttueau 
whether tliey are continued in any older ropk beyond 
the area of the newer rock, or whether they have in 
all probability never extended beyond the point no- 
ticed» tiie natural fracture having there terminated* 
In the first case we should have evidence that the 
particular line of dislocation was produced before the 
formation of the newer rock ; in the second, the rela- 
tive date would be uncertain. 

That disturbing forces have acted on roCks after 
their formation, is as well shown by tilted and con* 
torted strata as by fractures* Extensive ranges of 
countiy often have the beds of rock of which they 
are composed thrown into particular lines of direc- 
tion. This fact is frequently observable in moilntain- 
diains, though it is by no means confined ta them. 
Such lines, when considered in the usual manner with 
reference to our general ideas of distance^ appear of 
considerable length ; but when viewed, as th^y should 
be, in connexion with the whole superficies of our 
spheroid, a large proportion of them lose their appa- 
rent importance. Many of them are then readily seen 
to be so short, that the cracks or elevations of strata 
by which they are marked may readily be conceived 
to have been effected by compamtively small intent 
sities of force. It is perhaps to a want of due atten* 
tion to the relative proportions of tta radius of the 
earth to the bright of mountains, and of the length of 
mountain-chains to the superficies of the globe, that 
thoee who have considered such lines of tilted strata 
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or didocattoiift as the result of a, few, iolBtead of 
very numerous elevations, have been supposed to call 
in the agency of forces so tremendous as ahnost to 
alarm the understanding ; while they really have re- 
t^urse to forces comparatiyely insignificant. 

Fig. 21. 




The annexed diagram (fig. 21.) may afiFord an idea 
of the proportion of the crust to the diameter of the 
earth* Considering the whole circle as a section of 
our planet, the black outer line would be one hundred 
miles thick» that is, the thickness of tiiat line bears 
the same proportion to the area and diameter of the 
circle in the annexed figure, as a crust, one hundred 
Aiiles deep, would bear to a real section of the eartt 
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made through itt centre'*'. It is only necessary to 
state that the highest mountains on tiie face of the 
globe do not attain an elevation of six miles, to per- 
ceive that inequalities pf such an amount, even if they 
were common, instead of being, as they are, rare, 
might be produced either by contractions or expan- 
sions in the mass of the globe itself, and the neces- 
sary fractures and dislocations be comparatively in- 
significant. 

If the theory of central heat be founded on proba- 
bility, as we conceive it to be, the very general oc- 
currence of tilted and fractured rocks is of easy ex- 
planation. We require a general cause for the pro- 
duction of so general an effect. If we suppose with 
M. £lie de Beaumont that the state of our globe is 
such that, in a given time, the temperature of the 
interior is lowered by a much greater quantity than 
that on its surface, the solid crust would break up to 
acxommodate itself to the internal mads ; almost im- 
perceptibly when time and the mass of the earth are 
taken into account, but by considerable dislocations 
according to our general ideas on such subjects. We 
should expect to find the lines of fracture innumerable, 
precisely as we do find them. We should also be led 
to anticipate that new dislocations would be more 
re«dily effected through old lines of fracture, and that 
nnder favourable circumstances, broken and tilted 
masses would be thrust up into ridges or mountain- 
chains. If, in the annexed exaggerated diagram, 

* For a figure exhibiting on a larger tcale the relative propor- 
tions of the Alps, Andes and Himalayan mountains to the radius 
of the earth, see my Sections and Views illustrative of Geological 
Pb»nemenB, pL 40, 
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(fig. 22.)> ^^ outer circle reptewot the cnut dtke 
etfth at a giTen time, and that a snbeequBUt cobtne* 

Fig. 22. 




tlon of the internal mass, which does not produce a 
proportional effect on the previously existing crust, 
requires the latter to descend to the inner cirdci 
didocations and contortions of. the strata would take 
place, and masses would be squeezed up against esxb 
other in order to accommodate the old surface to its 
new condition. A sectional line would be produced* 
something similar to that represented (fig. 22.) be- 
tween the two circles, though by no means beaniig 
a like proportion to the diameter of the inner drde; 
for it would require a circle many indies in diameter 
to render such inequalities visible and proportional at 
the same time. 

If the edges of a considerable crack or fissute be 
acted on in the manner here supposed* they WQiild 
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sfpaiseiitly be forced upwaxds* by htaral prea fcu re» 
nitb respect to the sea-kvtel, "whkh. mi^bt be de* 
pressed, Mimg the new iioUows. When we estimate 
the solid matter required to produce a very connder« 
able addition to a moiMitain-chain, we find liiat an 
equal volume of water received into a corresponding 
depression of muriace, would* if distributed over the 
mass of the ocean, cause far less general depressioa 
of level than we might anticipate. 

Some geologists, misled by the idea that an accu* 
mulation of small forces will always produce the same 
effect as the sudden exertion of a great power, equal 
in intensity to the sum of the smaller forces, deride 
those who omceive mountains to have been raised 
by greater intensities of force than those observable 
ia a modem eartJiquake. This is as if, having piles to 
drive intx> the ground, vridch it required the exertion 
of considq-aMe force to pierce, we employed a pile- 
driver widi the necessary power, and should for so 
doing be kugbed at by aai Mends, and advised ncvt 
to be thus extravagant in machinery, but to perch a 
man witii a hammer on each pile, who, by repeatedly 
atrikiiig small blows on the head of it,' would, it wis 
considei^* aoccMnplish the end equally well, and at 
much less cost. 

It is anything but desirable to have constant re^ 
OQUEse to comparatively great power in explaining 
geological j^ainomena^ when the exertion of a small 
foice^ or of an accumulation of smdl forces, wiU afibrd 
snflkient expiamilion of the facts observed. Hiis, 
to follow up the above illustration, is as if we were 
determined never to suffer a stake to be driven into 
a hedge witiiout a pile-driver. We should be oaxeful 
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not to raffer any preconceived opinion to bias our 
views either way. We may be wrong in our endea- 
Yours to attribute the exertion of forces necessary to 
produce mountains, fractures and great disturbances 
of rocks to any particular causes, but the probable 
intensities of the forties themselves should be most 
oafefiilly estimated, so that should we fail in the first, 
we may approximate towards truth in the second case, 
and thus render our investigations of some use to the 
progress of science. 

In our endeavours to account for mountain ranges; 
with reference to the dislocations and disturbances of 
rocks so commonly observed in them, circumstanceii 
livhidi have occurred beneath have always been con- 
sidered as the cause of their existence. Even in 
Mr. Lyell's very ingenious theory respecting varia- 
tions in climate produced by differences in the ele- 
vation and position of land, the supposed changes in 
the relative position of solid surfiace-matter are ne- 
eessarily caused by something acting beneath it. 
Consequently the climates so produced must be se-^ 
condary, and depend for their existence on a previous 
movement of the earth's solid surface. Now as like 
effects must be produced by like causes, and moun- 
tains are not local, but distributed over the surfiEu;cf 
of the world, (for we may fairly consider that they 
exist as well beneath the ocean as on the dry land; 
indeed islands are often little else than the exposed 
tops of subaqueous mountains,) it follows that the 
cause pr6ducing them, together with the great dislo^^ 
cations and disturbances of rocks observable on dry 
land, is common to at least the suif ace of a spheroid 
placed immediately beneath the crust of tiie globcfi 
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Wliat that cause may be is a separate quesdoii, and 
is one to which we now propose to call the attention 
of the reader. 

That the relative level of sea and land can b€ 
changed by earthquakes seems a well-established hucti 
and it is more particularly to the labours txf Mr. LyeU 
that we are indebted for an accumulation of a mass 
of evidence on this subject. It is only when Mr. Lyett 
limits the intensity of tiiis action to the ordinary force 
exhibited in a modem earthquake that we are inctined 
to differ ^m him on this head. Earthquakes are 
occasionally felt, though with variable degrees of in- 
tensity, in all the known parts of the world. like 
Tolcanos, they may be considered the result of general 
causes existing beneath the surface of the earth's mi- 
neral crust. Now earthquakes produce long cracks 
and dislocations of strata perfectly analogous to faults* 
The most remarkable ridge produced by an earth- 
quake, and hitherto brought to light, is that noticed 
by Captain Bumes, as extending a distance of fifty 
Qulea in an east and west direction across the delta 
of the Indus, with a breadth, in some places, of six« 
teen miles, and an elevation of about ten feet above 
the level of the delta. This effect was produced by 
the Cutch earthquake, as it is termed, of 1819. Here 
ve have a miniature representation of a mountain- 
chain, so far as the elevation of land along a given 
^ is concerned. Fractures are not noticed, but we 
<^ readily conceive that they would be produced by 
the further exertion of an analogous force. A repe- 
tition of the same intensity of force, acting along the 
^A^ne line, would, if the beds beneath were sufficiently 
MBaolidated and brittle, cause dislocations ; if they 
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Wfve soft or yieldiBg^ tiiey would be eoBtorted, or 
drawn oat and merely best, as tiie eaae migM be. 

If fractures be once formed in the crust of the earth, 
whether ekyatioA be cansed by sqiaeezing the edges 
of the fracture agjainst eai^ other, or by matter strag- 
gling to free itself, the crust would be more readily 
acted on in tiie lines of preyions fractwe timn in any 
others, for they would also be the Mnea of least re- 
sistance. It would, therefore, be no matter of smv 
prise that many successive earthquakes, as we might 
term them, should act in the same line, or rather that 
their greatest effects should be produced in snch lines. 
Now if mountain ranges bore no marks of the exer- 
tion of greater intensities of fDrce than those exhibited 
in modem earthquakes, the mere elevation of their 
masses to eomparatively considerable heights above 
the level of the sea could apparently be produced as 
well by an accumulation of the effects of such forces 
as by any other means. Tb^ examination of moun- 
tains shows us, however, that we must have recourse 
to greater intensities of force to account for the effects 
we there see produced. 

It will be readily granted that in many faults or 
dislocations of strata it would be exceedingly difScuit 
to 9ay whether the amount of disk>cation (and it may 
be considerable,) has been produced by repeated 
diocks> or by one. of a more powerftd kind. 

Fig. 23. 
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^^/ (%• 23.) be a fiEuilt trayeniDg strata, and the 
bed a on the one side be removed, either by elevation 
or depression, to a on the other, it would be difficult 
to say, from this section alone, whether the difference 
in the levels of tiiie once continuous bed a be caused 
by several shocks, or by <me. The polished surfaces, 
so common in faults, will not assist us much in the 
determination, as one powerful squeeze would pro- 
duce the same kind, of polish as m^y minor move- 
ments. 

Neglecting for the present many dislocations which 
there is great difficulty in considering produced other- 
wise than K,t one snap or break, let us consider those 
contortions of strata so common in mountain ranges, 
and not very unfrequent elsewhere. These exhibit 
not only the effects of force, but also some informa- 
tion as to its intensity. Contortion requires that the 
rocks in which it is observable should have been in a 
yielding state, and that the particles were capable of 
a certain movement among each other, so that when 
force was applied no absolute fracture was occasioned. 
Sir James Hall has long since shown that to produce 
contortion by lateral pressure, there must be resist-- 
ance both above and beneath, the former at least 
being capable of yielding in a minor degree. He 
illustrated this fact by experiment, and showed by 
means of a diagram, of which the annexed figure 
(fig. 24.) is a sketch, that these conditions are ne- 
cessary to the production of contortions by lateral 
forces. Sir James H{^1 took various pieces of cloth, 
some linen, some woollen, and placing them horizon- 
tally on a table (c), covered them by a weight (a) act^ 
^^Z horizontally on the pieces of cloth.. He then ap« 
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fig. 24. 




plied forces laterally (b l), and fouiid that while fiie 
superincumbent weight (a) was raised to a certain 
extent, the cloth was folded and contorted in a man- 
ner perfectly analogous to the contortions of rock oh- 
servable in nature*. 

It will be obvious that if there be resistance only 
on one side, and sufficient pressure above, contor- 
tions will be produced. It also follows, that if a 
mass of solid matter be thrust between yielding beds, 
and that they cannot move sufficiently upwards, they 
w^ill be squeezed and contorted so as to permit the 
presence of the intruded mass. Now it is worthy of 
attention that contorted strata are common on the 
skirts or flanks of many mountain-ch£dns, appearing 
to show that, before the latter attained their existing 
forms, there was a pressure from the central parts out- 
wards, causing the lateral contortions we observe. 



* Transactions of the Royal Society of Edinburgh, vol. Tii. 
p. 85. Sir James Hall subsequently .invented an instrument to 
contort clay, laid in miniature beds ; the principle, however, i$ 
precisely the same, and the original experiment not only satis- 
factory, but so simple that any one may make it on a table witb 
a few books and pieces of differently coloured dotlv . • 
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The above (fig. 25.) is a section of the Alps, by 
Dr. Lusser.from the well-known Rigi to the Hospice 
of St. Gothard ; g^ being gneiss ; 1 1, limestone ; 
»» nagelfinh or conglomerate. It is not exaggerated, 
but affords a Ieut view of the manner in which the 
calcareous Alps are contorted on the flanks of the 
central range. To produce this effect, we seem eom- 
pelled to suppose the whole mass of the calcareous 
Alps (a series of mixed strata of limestone, argilla- 
ceous slates, shales jand sandstones, the former pre- 
dominating,) to have been in a yielding or compara- 
tively soft state. We can scarcely suppose, with any 
i^proach to probabilities, that the soft yielding con- 
dition of this mass of matter should have continued 
gufficientdy long to enable a succession of small shocks, 
of no greater intensity than those of a modem earth- 
quake, to have acted upon it. The whole strongly 
impresses us witii the idea of a powerful exertion of 
force, squeezing the limestone and associated beds 
outwards. And, as if to support this view, the na- 
gelfluh or conglomerate of the Rigi» a rock reaUy 
posterior to the limestone series, is tossed over ; so 
that it pluqges beneath the latter, and appears to 
support that which in reality supported it before the 
exertion af the force that upset the whole. This 
section is so striking that it may be supposed to be 
selected fiipoAi a inultitude of others oil whidi a con- 
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trary opinion might be founded. It certainly is a 
good example of contorted strata on the laige scale; 
but numerous others, equally good, might readily be 
adduced* In the Alps themselves better sections 
mig^t be produced of huge masses of matter, consti- 
tutang whole mountains, fractured and tossed over in 
.such a manner that it seems impossible to coiisider 
them otherwiie than broken and heaved out of their 
original places by the exertion of powerful foxo^; 
forces of an intensity iu comparison with which that 
of a modem earthquake would be trifling* It must 
not hence be concluded that we consider the power* 
ful exertion of similar forces to be now impossible^ 
but simply that the intensity of force exhibited in a 
modem earthquake is insignificant when compared 
with those which have, and may hereafter produce, 
high ranges of mountains. 

. The amount of lateral pressure and resistance to it 
are not the only circumstances to which we moat di- 
rect our attention ; we have also to account for the 
necessary soft condition of the rocks acted on, and 
the superincumbent weight by which they are pre* 
vented from being me^y thrust upwards. If, in the 
aimexed section (fig..26.)» a a r cpro ic n t two rooki^ 




or fractured portions of one rock, squf^ed togetiicr. 
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k conteqiieiiccf of depnmmM at u miA'a,'ikey will> 
be merely thniBt ttpwa]:d8 at b, with perhaps a mall 
Bmoant of contortion of the softer beds at c, if ther^ 
be such in the lower parts, and tlierefore not only 
exposed to lateral pressure, but to that arising from 
the weight of the superincumbent mass of rock. Ifr 
instead of being squeezed together by depression on 
either side, the rocks a d he thrust upwards by the 
intrusion of a mass of rocky matter, the section would 
be as annexed (fig. 27.)> where 6 represents the in-^ 

Fig. 27. 




traded matter, a a would be merely tilted, with per? 
baps some co9tortion of the softer inferior beds, if 
the latter be more yielding than the mass intruded. 

Neither of these hypothetical sections agrees with 
that of the northern side of the Alps previously given 
(fig. 25.). .We can only obtain the observed con* 
tortious beneath pressure, and that of no ordinary 
iaud. We might, indeed, get contortions towards 
the central parts in these sections, when the weight 
of the superincumbent matter was sufficiently great : 
but to have produced such an effect in the Alps, we 
^ust suppose the subsequent removal of such an enor- 
mouB mass of superincumbent matter, necessary to 
cause the effects observed, that we are quite at a loss 

k2 
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to ooQoeive how ttis has been «ccx>iiipliBhed. An im* 
Biense TY^urae of matter has mdeed been carried away, 
is the great masses of conglomerate and sandstone Off 
the flanks of the chain, and endemHy derived from it, 
abundandy testify ; but hotw hx ttie amount of tins 
mass «wonld be sufficient for the effects required is 
not apparent. 

The question of how such a volume of matter as 
that composing the contorted calcareous Alps was 
sufficiently softened, if previously indurated, or kept 
soft, if never consolidated as rocks usually are, before 
acted on by the contoridng cause, appears to be one 
of no ordinary difficulty ; and this difficulty not only 
attends this case, but alao an abundance of others. 
As we might expect, shales and clays are frequently 
contorted, in a disturbed district, while associated 
limestones and sandstones are merely fractured. The 
harder strata have snapped, and the softer have bent. 
There is nothing in such phenomena which is not 
readily understood. When, however, we find hard 
siliceous and other sandstones, compact limestones* 
and even brittle substances, twisted and bent into 
every imaginable shape, and requiring a very soft yet 
tenacious condition of matter, the subject is anything 
but easy. If we have recourse to heat, we must re- 
collect that rocks are very bad conductors of it, and, 
consequently, that no great thickness of them could 
be softened, so as to submit to flexure from this cause 
without fusion in the lower parts ; at least such would 
be the effect we should anticipate from our present 
knowledge on such subjects. 

When we suppose that contorted rocks were not 
consolidated -before they took the forms we now see. 
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there is again difficulty, more particwlariy ^hea we 
comder tint zodu of fMerent ages are BomelMaes 
twisted together. Compact limestooes, safrequcBtly 
contorted, would scaiody remain long unoonselidated 
if they have been produced by a diemical dqioait of 
caiixmate of lime, eitiier alone or aamig oiganic re> 
•mains. Modem deposits of carbonate of lime, whe- 
ther formed in the atmosphere or beneath water, either 
fresh or of the sea, are indurated almost from the com* 
mencement of the deposition. So that if. tiie lime* 
stones of former periods have been prodnoed in a 
manner in any respect analogous, many must have 
been indurated before they were contorted, Catfao^ 
mferous limestone and coal-measures are twisted to- 
gether, evidently by the same disturbing cause, in 
Peinbrdceshire and other places. Now, in this ease, 
ve can scarcely conceive the carboniferous limestone 
otiierwise tiiian consolidated prior to its present oon» 
ditaon as r^ards disturbance ; for the coal-measures, 
a deposit clearly requking a great lapse of time for 
iti^prodaetion, were formed before both rodu sufiered 
equally from the same contortkkg foree. 

One tiling we certainly are unacquainted with, md 
which may assist us in the explanaticm of these and 
sbttilar facts, and that is, the extent to which the par- 
ticles of various rocks, particularly when water is dis» 
seminated among them, may be oompelled to mote 
among each other by great lateral pressure, and be^ 
neath a superincumbent wetg^t^ so great that they 
cannot absolutely separate from each other. The 
resistance would no doubt be enormous, so great in- 
deed that we should expect the pressure would tend 
rather to pulverise than contort the mass, if solids.be 
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forced against aoUds. It would not, however, be dry; 
it would be variouBly mixed, accordii^ to the oon^* 
tuoit rocks, with water; for the latter is dissenn^ 
nated among strata to a greater extent than is gene* 
raUy imagined, as may be readily shown by subject* 
ing portions taken from considerable depths to imme* 
diate experiment. Water is even disseminated among 
limestones ; among the less compact it must exist in 
'Considerable quantity taken as mass ; lor when dry 
•specimens are placed in contact with water, capillary 
attraction is as apparent as if a lump of sugar were 
used instead of the limestone. Dry oolite, such as 
that of Bath or Portland, absorbs water with consi* 
derable rapidity when placed in contact with* it. It 
is exceedingly difficult to expel moisture from rocks, 
particularly if the fragments employed be large; but 
if moderately sized specimens of mixed rodcs, more 
especially of the superior stratified or fossiliferous 
atrata, be taken and exposed to considerable heat» 
sufficient to drive off at least a laige part of the ooa« 
tained water^ then weighed, and afterwards allowed 
to absorb as much water as tiiey can take up, and 
kgain weighed, tiie difierence of weight will be found 
greater than at first sight might be anticipated. 
■ Although water is thus widely disseminated among 
rocks, it does not follow that its presence there is 
alone sufficient to give such softness to rocks l^iat 
they may be twisted and bent in any direction. If 
it were so, rocks, containing a mean amount, of di»* 
seminated moisture, would generally be bent, not 
fractured, when acted on by powerful forces. It may, 
however> assist contortion by permitting a certain 
amount of passage among the particles of (he bodies 



acted 6n, tmd also by affbr&ig a certain: kind of doc* 
tifity to tlieir mass. That the particles of sdid mat** 
ter may be made to pass mor^ freely among- each 
other tlian was once considered possible, and without 
such matter becomiiig liquid, is proved by their change 
of pontion in cases previously noticed (p. 112.)* where 
their relative positions must have been altered in a 
iaaost curious manner, even in one case, as it would 
appear, by mere exposure to the solar rays. The 
nearly constant presence of disseminated water among 
tocks, under ordinary circumstances, is here brought 
forward for the purpose of exciting further inquiry, 
and as one of tiie elements that should be taken into 
account when we study the causes of contorted strata. 
We may here make another remark. Numerous con* 
toTtions are often observable among the stratified rocks 
where igneous rocks are also common, and where the 
latter seem evidently to have been protruded at thd 
same time that the contortions were effected. The 
mere lateral pressure of liquid melted rock against a 
aoUd stratified mass would not contort the latter to 
^y considerable extent, if the fluid rose freely up- 
'WardB into air or water, encountering little resistance 
lit that direction. It would no doubt strive to intro* 
duce itself among the strata, and would effect this 
according to the height and consequent pressure of a 
auperincumbent column of matter, as has been noticed 
^where"^ ; but this woidd be a very different opera- 
tion from squeezing up the whole mass on either sid<$ 
into great bends and flexures of every description. 
Now the association of igneous and contorted rocks 

"■ * OeoLogictl Manual, p. 140. 
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i^soconxnioii, tiiat thore muatl^ a«nMetiungeoB&eeled 
-with tl^e £onner, which has had an iBfiufnoe on the 
latter. A Uqi^d mass of fused ipek caasot be forced 
friHn beneath through eoUd atratified maeeea without 
the prior fracture of Mich maases, oauaed either by the 
force with which the fluid matter is propelled, upwards^ 
the escape of vapour or gas from a highly compeaie^ 
state,^ the subsidence of two ends of a large tabular 
mass of rock, by which a rent or dislocation ia pro* 
duced in the central parts, or by various combmatioiis 
of these disrupting forces. If, however, a mass of 
liquid rock would not by mere lateral pressure cause 
the great contortions we observe, its heat would -tend 
to drive the moisture in the stratified rocks to a 
greater distance from the fused mass. There would, 
in fact, be a tendency to steam the stratified rock, and 
the heated aqueous vapour would pass more readily 
between the laminae, or among the fissures of strati* 
fication and cleavage, than in any other direction, for 
they would be the lines of least resistance. Hence 
a rock may, under such conditions, be heated beyond 
the part that would be acted on if it were dry, and a 
(superabundant amount of moisture be forced into those 
portions which retained a pomparatively low tempe* 
rature. A state of things would be produced by no 
means unfavourable to contortion, and not without 
its influence in the chemical alteration of rodks, in 
cases where igneous matter is protruded through, or 
injected among them *, 

.^ It will probably assist us in considering the quantity of water 
wiiieb' can pereohite through rodcs in a short time, if it be retol- 
lected that, from the returns of duty done by the steam engines 
in the mining district of Cornwall, the meanb amount of water 
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Th» most fiirVouraUe eonditkm for oostortioii ap-^ 
pears to be pressure of solid matter on yielding stnu 
tified sabstances, which while they bend, also slide to 
a certain extent on the planes of stratification. Stra* 
tified rocks do not constitute one homogeneous solid 

raised by tiie ComUh iteam engines in 1 833 was equal to 16,550 
imperial gallons per minute, and that of tkis amount the Consoli- 
dated mines alone afforded a mean of 2161 gallons per minute. 

My firiend Mr. Richard Taylor informs me that in all the mi- 
ning districts where he has made observations, (and hta opportu* 
nities for so doing have been abundant,) he found the quantity of 
.water in a mine to vary with, and depend upon, the rain falling 
In the districts where it was situated. Seasons of heavy rain are 
followed by a great increase of water in a mine, and the reveise 
happens from drought. The time which elapses before the effect 
of these causes manifests itself in the mines varies considerably, 
and depends on the gecriogical character and physical features of 
the country where the mines occur, and even on the peculiar geo- 
logical circumstances in each mine in the same district He has 
observed that in carboniferous limestone districts the percolation 
of rain-water is particularly rapidj and such that a heavy &U of 
rain will overpower the machinery sufficient for ordinary drain- 
age. He has known instances where a heavy fall of rain has pro* 
dnoed within three or fovr hours so great an increase in the water 
of two mines, Pent y Buarth and Cathole, on the Mold mountain, 
' Flintshire, that the steam engines, after having been increased 
In speed firom 3 or 4 strokes per minute, to the extent of their 
power, about 5 times as many, were yet incapable of preventing 
the water from rapidly increasing and filling the workings. It 
appears that the physical features of the country favour the hk- 
trodiiction of rain-water into these veins, and that there are great 
cross courses or faults which can be traced several miles, and 
which pour torrents of water into the veins. They are, in fact, 
duumela fer subterianean rivers, and Mr. Taylor remarks that 
the latter carry with them a quantity of sand and gravel, the de- 
tritus of the rocks through which they pass. 

The eoUective amount of water which passes throngfa fouha 
and fissures must be enormous, and when added to that con- 
tained in rocks themselves, shows us the- volume of it which may 
percolate downwards. Probably there are compensations, to a 
certain amount, in the proportions of water faUiug on the sur&ce 
and percolating at moderate depths ; for my friend Mr. Davies 
Gilbert calculates that a fall of rain, one inch deep, upon a stetute 
sere Is equal to about 100 tons. 
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mads even in cases, which are necessarily rare, where 
tiie strata are all similar in every respect : they are 
masses composed of numerous solids piled on edch 
other, and readily separating in the lines of the beds. 
If the particles composing the strata can move among 
each other to a moderate extent, that is, the rock be 
sufficiently softened; and lateral pressure applied, they 
must become twisted and bent under a superincum- 
bent weight of sufficient power. We can readily con- 
ceive, in the section previously given (p. 129.), that 
the matter of the calcareous Alps has been squeezed 
laterally by the pressure of the gneiss and other rocks 
of the central chain upon it. This would equally hap* 
pen, whether the central Alps were thrown up by 
-gtesswTQ from subsidence on either side, or by pow- 
erful expansive forces acting from beneath, and over- 
coming the resistance above. In many cases we may 
suppose the strata unconsolidated prior to contortion ; 
in others, they appear to have been softened after 
consolidation. Heat and moisture would have great 
influence on the condition of the stratified matter so 
softened. Contortion from lateral pressure cannot be 
produced without a superincumbent weight, which, 
though yielding, is sufficient to prevent the mass from 
being merely turned up. When, therefore, we find 
Contorted strata on the surface of dry land, we know 
that they are not now in the same relative position 
in which they were so contorted. The pressure of 
the atmosphere being insufficient to produce the effect 
required, the essential superincumbent weight, no 
consequence what that weight may have been, ia re- 
moved. 
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CHAPTER VIL 

Wb have seen that tilted strata, forming momitaiit 
ranges and many other inequalities on the earth's sor- 
face, may be dne to two causes. They may be caused 
by the upward presi^re of the sides of a fissure against 
each other, arising from the unequal subsidence of 
large masses, or by the intrusion of matter thrown up 
by elastic forces acting from beneath* Radiation ol 
heat from the mass of the earth would necessarily de- 
crease its volume, from the consequent approximation 
of particles ; whereas, if we suppose the oxidation of 
a metallic nucleus, having the same temperatOTe as 
the surrounding planetary spaces, the volume of such 
nucleus would be increased. It would, in the latter 
case, take oxygen from its liquid or gaseous enve- 
lope, and consequently abstract matter from it ; the 
sorfrbce of the metallic nucleus would also become 
heated from the union of oxygen with certain metal-* 
lie bases, but the expansion thus caused would gra-* 
dually subside, and leave only the increased volume 
of solid matter arising from the new combination, 

A cold metallic nucleus, particularly if sodium, po* 
tassium, and bodies of the like kind, were abundant 
on its surface, would speedily become oxidized, whe- 
tlier <M>vered by water or by an atmosphere containing 
oxygen. But the oxidation of the surface being ac- 
complished, and admitting that numerous cracks 
and fissures might be produced in the first crust* 
from the percolation of water through lit the oxygen 
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combining with metallic bases and the elastic force of 
the disengaged hydrogen forcing it up ; one does 
not exactly see how those long lines of elevation 
were produced, tbtit are so common on the earth's 
surface, and of which the most remarkable appear to 
be the mountidn ranges of North and South America. 
The heat caused by the combination of oxygen witli 
such substances as potassium and sodium would not 
mdy assist in producing fracturen by giving greater 
expansive force to the hydrogen, upon the supposition 
of water percolating to such bodies, but it would ofteA 
cause the fusion of the inferior portion of the previ- 
ously oxidized crust, which might thud be forced up- 
wards through the fractores. 

Now gaseous matter is evolved, and liquid melted 
rock forced up in so many points on the earth's smv 
hce, under circumstances which render the theory of 
tht percolation of water to the metallic bases of car- 
tain substances so plausible, that it is one we should 
sot neglect; neither should we reject it because it doe$ 
fiot aiibrd a good explanatk»n of many phieuomena 
which have been attributed to combinations of tius 
kmd. We should rather seek to discover the extent 
to which it may account for observed phaenomena 
when comMned with the theory of central heat. 
* It has previously been observed that the gaseous 
condition of our planet, caused by sufficent heat; 
might produce- an interior metalHc crust above which 
tiie greater proportion of oxygen and some other 
simple nonmetallic substances might be driven, thus 
leaving the metals, in the lower part of such crust; in 
a great degree uncombined with other substances. 
We will not again repeat what may be oonaidfiEed 
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the probable effects of radiated heat, both on the mass 
and surface of the globe. It is only necessary to re* 
mark, that the fissures and dislocations so produced 
would be highly favourable to the introduction of 
water to tiie metallic bases of certain of the earths 
and alkalies. By combining the effects that might 
be caused by the radiation of central heat, and by the 
percolation of water to the metallic bases of certain 
earths and alkalies beneath a given depth of the earth's 
oxidized crust, vre seem to arrive at explanations more 
or less plausible, which are not so readily attained by 
means of either theory taken by itself. The great 
leading elevations of land, observable in our conti* 
nents and islands, as also the principal lines of dis- 
turbed strata, seem best explained by the gradual re- 
frigeration of the mass of matter composing our globe* 
while a large proportion of phenomena observable io 
volcanic eruptions appear best to accord with the 
theory of the percolation of water, containing certain 
substances in solution, to the metallic bases of the 
earths and alkalies. We should in this, as in many 
other cases, strive rather to combine fair explanations 
of phsenomena, though they may at first sight appeair 
M>mewhat discordant, than to adopt oneleadingtheoty 
with the determination to see nothing except through 
its medium, and hence distort, and even omit, facts^ 
ofiten unintentionally, and in the heat of contest, for 
the purpose of supporting it. 

ft has often been observed that thermal springs are 
tiirown out from fractured or disturbed strata, either 
ia t&ountain-chains or in more level lands, and that 
the constancy of their temperetnres is very remark- 
^, die «a«es being exeeedingly none m wUoh wij 
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change has been suspected* Sach effects can, we 
should conceive, be only produced. by some general 
like causes. General heat beneath the sm&ce, arising 
either from central heat, or from a decomposition of 
part of the water percolating to certain metallic bases, 
supposing these to be commonly distributed beneath 
the earth's oxidized crust, would be readily obtained. 
There is, however, this difference between the two 
causes ; in the former the water would be little more 
than heated, while in the latter a part of it at least 
would be decomposed, liberating a body of hydrogen, 
which must either combine with something beneath, 
or eventually pass upwards into the atmosphere. 
Sulphuretted hydrogen, a compound very readily ab- 
sorbed by water, is indeed contained in some thermal 
springs, but it does not occur in all. Many thermal 
springs neither give us hydrogen combined or un- 
combined, except as a component part of the water 
itself. If, therefore, such thermal springs have been 
heated by the decomposition of part of the water 
percolating to certain metallic bases, the hydrogen of 
the water decomposed must either remain behind^ 
combined with some substance, or be set free. We 
can scarcely consider the latter probable, for the vent 
which would permit the undecomposed water to rise 
to the surface of land, would permit the escape of 
the gas ; and as to the former, there are many difir 
culties. 

• Should water percolate to the metallic bases so 
often mentioned, we should expect that the resulting 
action was more violent in its effects than the general 
phenomena. of thermal springs seem to attest ; some* 
tiUPgpiQr^retseniblingyQlcanic action. The effects pro. 
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dnctive of thermal Bprings may in^ed be tecondaiy, 
that is, the heated water and the contained aubatanees 
of many springs may be driven off in the shape of 
vapom: and gas, the aqueous yapour becoming lique- 
fied, and absorbing certain gaseous substances, such 
as sulphuretted hydrogen and carbonic acid, when 
the fissures of the rock through which it passed were 
cod enough to permit its liquid state, and the tem- 
perature sufficiently low^ This seems to be actually 
the case where condensed aqueous yapour, containing 
gases which it has absorbed, flows out of clefts of yol- 
canos in the. shape of hot springs. The steam rushing 
out of the Solfatara, near Naples, was found by Dr. 
Daubeny to contain sulphuretted, hydrogen and mu- 
riatic acid. Now it is obvious that if this Meam 
passed upwards through a fissure of rock» sufficiently 
cool to ccmdense the aqueous vapour, the result would 
be a thermal spring; the elasticity of the steam be- 
neath being sufficient to propel the water upwards and 
produce a flow of it, the requisite additional quiantity 
being always furnished by the condensation of the 
steam continually discharged. It would moreover be 
Wieral, as it is termed, more particularly if the 
wv&atic acid united with some substance, such as 
lifne or magnesia, and thereby produced a compound 
soluble in water, as might readily happen in the 
passage of the water through limestones, either com« 
Aon or magnesian. 

It will be obvious that many other substances, be- 
sides those noticed above, might be mixed with the 
steam rushing out of the Neapolitan Solfatara, and 
yeiy probably do accompany the aqueous vapours 
fttocharg^d from many other fiolfataras, . The results 
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of such eaufles would be the production of aunenl 
tmd theimal spriiigB in abundance, when the steam 
was condensed in clefts or fissures of rock, sufficieiitlj 
«ool. So long as there was a supply of steam beneath, 
its elasticity would probably cause the propulsiim of 
the condensed aqueous vapour above it : this eaase 
would also explain the constant temperature, as re- 
gards each, of thermal springs. While die steam in 
a deft rose to a given height, so long would the 
temperature of the water discharged on the sivfiBbce 
remain the same, being exposed to equal circum- 
stances. From the bad conducting power of rocks, 
the sides of the cleft or fissure would soon take their 
proper temperature, which they might keep during 
centuries. 

Dr. Daubeny, in has remarks on thermal waters, 
has insisted on the very common presence of nitrogen 
in them as a proof that the water has orig^inally been 
derived from the surface of the globe, that it there 
contained atmospheric air, and that, descending into 
the earth, the atmospheric air was deprived of its 
oxygen by some process of combustion. We have 
seen (jp. ll.)t that nitrc^n is not altogether absent 
from rocks, being contained somewhat abimdantly in 
eoal. In this case, however, it may be regarded as 
existing in a secondary condition, having been derived 
ftaai the atmosphere in the first instance. Nitrc^en 
has not been detected in rocks which are not fossili- 
lierous : it does not indeed follow that this substance 
may not exist as well beneath the crust of the earth 
as in the atmosphere ; but teddng our present know^ 
ledge as a guide, the probabilities are in favour ai its 
beii^ confinc^d ^o the atmosphere, or to bodies wM^ 
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hftve acquired it from the atinaq)here in th^ finrt in- 
Itance, If thermal springs were confined to districts 
of coal-measures, or otiiier rocks in which nitrogen 
was entombed, or to situations where such rocks may 
occor beneath those strata whence the springs actu« 
allyrise to the sorfoce of land; the presence of this 
substance might be due to its escape from the rocks 
traversed by the waters in their passage upwards^ 
The occurrence of nitrogen in the thermal waters of 
numerous localities, where we have no reascm to sua* 
pect the existence of similar n>cks» or those which 
might afford this substance, incline us to believe that, 
contained in water, it percolates to those situations 
whence thermal springs derive their heat. 

If atmospheric air, contained in water, descend to 
litoationa beneath the earth's surface where the whole 
u heated, the oxygen of that ah* may be separated^ and 
nitrogen evolved. Supposing the water with the con* 
tained air to come into contact with such substances 
as sodium and potassium, we should expect to have 
at least a decomposition of part of the water, and a 
consequent evolution of hydrogen* Now as hydrogen, 
either free or combined with substances other than 
<»xygen, and then constituting the water itself , is not 
found in all thermal springs, thoi:^ it is present Sn 
8(nne, we are led to conclude that the union of oxygen 
^nth a metallic base causing great heat, is not neces-* 
sary to the existence of such heated waters. The 
volcanic conditions, above adverted to, no doubt may^ 
and probably do, cause numerous thermal springs* 
The. condensation of steam impregnated with the 
gaseous and vapourized matter thrown off by volcanos^ 
^ould afford jresults so like the chemical.contents of 
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cettain thermal springs, mace pasticalarly when w^ 
consider the effects whii^ may be psoduced by the 
paroolattoti of watezs» sol impregnated* through many 
rocks, that there is much diflicully in te^siiog th* 
conchiai0]i that soma at least are dneto simikir causes. 
To ezpltdn t^ie origin 6i many thermal springs, 
even when nitrogen is present in them, and when 
sulphuretted hydrogen and certain like compoiindi 
tixe abi^it, other donditions would suffice. The per- 
colation' of watec, iu^xegnated with atmQq)heriiO air, 
to depths where it would take a high temperatu^ fnm 
the effects of central heat, and the ioore qwt oxi* 
dation of substances by means of the oxygen of the 
contained air, would afR3rd us effects adequate to ex« 
plain l^iose we observe in maaytheimal springs. In 
eith»:pase the elastic foroe ol steam appears necessary 
for the propulsion of the water upwards through the 
ccacks and fissures of the earUi's cnist, whether in 
-mountain ranges or elsewhere. The theory of coi* 
tnilheat would give us the necessary temperature at 
reasonabb depths, and the decomposition of water by 
certain metallic bases would produce thesame e&ct^ 
We seem to make a fairer approximation towards an 
explanation of the phaenomena of tiaierinal .flpiags 
when we c<mibine. central heat with the decomposition 
of water by certain metallte basest such water being 
variously impregnated with foreign matter. 'Hie equal 
temperature of hot springs would be explained by 
e^irtral heat ; for though thermal waters may be oxdy 
condensed steam, still the power of the aqueous var 
pour to rise to & constant height in the fissure, through 
wluch the hot water escapes, must depend upon the 
regnhurity. of t^heat beneath. Ttim e&ot^ould 
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ifoarcety be produced by tiie inert oxiJhiknfe of a 
melalfic base, because the less tbe lAtickfieM of tile 
resulting oxide, the greater the heat, from the com* 
paraltve ftusility of combiiialion ; and consequeatfy, 
aft^ a time, the heat thus caused would decrease, at 
least until a fresh exposure c^ the metalMe base be 
obtained, by fracture of the oxidized erust, or other- 

vrtoA 

WIBC* 

In Tolcanos we not only require great heat, but 
also chemical combinations and changes, which shall 
produce the gaseous and Hquid substances evc^ved 
and thrown out when they are in aetivity. Aqueous 
tapour is in general very abimdaat. The pntieipid 
gases hitkerto detected consist, according to Dr. D«u^ 
beny, ofmuriailie acid ga», sulphur combined With 
oxygen or hydrogen, carbonic aeid gas, and nitrogen. 
The subHmations of Vesuyius are, acccM>d2ng to Sk 
Humphry Davy, common salt, cMoride of iren^ sul» 
]^te of soda, muriate imd sulphate of potash, and 
a small quantity of oxide of copper. M. Boussin^ 
gault, who has examined the gases and vapours di»- 
diarged from ToMma, Purac^, Paste, Tuqu^es, and 
Ctaftbal, volieanos e# equmectial America, considtorB 
that sueh' gases and vapours con^st of a great voluifie 
of aqueous vapour, earbonic acid, sulphuretted hydm*' 
gen, and sometimes the vapour of sulphur. He re- 
marks that t^ sulphurous acid and nitrogen found in 
these craters are accidentally present ; and thc^ mu^ 
riatic acid gas, pure hydrogen, and nitrogen, were not 
evolved from these volcanos*. The gases evolved 
fnm volcanos, and the sublimationa discovered in 

* Annales de Chimie et de Physique, tom. lii. p« 28« 1899% 

L 2 
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mad around them, have been examined by few eoia* 
■petent chemists; and those to ifrhomwe are indebted 
fw our information on this head have, in a great 
measure, confined tiieir attention to a few volcanic 
vents of Italy, Sicily, other Mediterranean isknds, 
and of equinoctial America. The field of observatioii 
Jbas therefore been limited, more particularly when we 
consider the numerous volcanos scattered over tb|e 
world. 

,It will be obvious that many other products than 
.those above enumerated may be detected in volcanos. 
Indeed we can scarcely supjwse that a variety of sub- 
stances thrown together, and exposed to great heat, 
4saxi do otherwise than afford products varying ac- 
jcording to the conditions under which the volcano 
itself exists. However similar the general products of 
•volcanos may be, many must be influenced by such 
circumstances. Fragments of rock broken from the 
sides of the vent are oft&a. thrown out with little 
change, the rapidity of their discharge having pre- 
vented any action of the heat or volcanic substances 
.upon them ; but it must very frequently happen that 
.they fall into the incandescent mass> and thus assist 
in the formation of new compounds. According, 
therefore, to the nature and abundance of the dis- 
rupted rocks would be the r^ulting products. We 
might hence infer, what is matter of fact, that volcanic 
countries offer a rich field for the labours of the mine- 
ralogist. 

When we observe liquid incandescent .lava in a 
yolcanic crater, we generally find that it is greatly 
agitated by the passage of vapour or gas through it. 
A\ intervals the volume of vapour or gas is greater 



▼oLCANic AcnoK; 149 

tiuai at otiien, and is discharged with a proportionate 
force, sometimes so great as to tilirow up a mass of 
the liquid incandescent rock, and to scatter it on all 
sides. The column of lava often appears as if in a 
great measure sustained by compressed gaseous mat- 
ter beneath, which, when it has acquired sufficient 
force, uplifts the viscous substance above and escapes. 
The pressure of the superincumbent lava on the 
gases and vapours must often be very considerable ; 
and there must always be a constant struggle be-* 
tween the compressing force of the lava and the ex-^ 
praisive power of tiie heat, producing effects depen-* 
dent on tiie relative intensity of each. We have seen 
tiiat many gases are rendered liquid by a comparatively 
small amount of pressure ; so that if by any chance. 
Such as the dormant state of a volcano, some of them 
should be liquefied, their return to a gaseous state, 
produced by the application of the necessary heat, 
would cause explosions not only sudden but of ex-^ 
treme violence *« 

The abundance of aqueous vapour discharged, and 
the common occurrence of volcanos in the sea o^ 
around coasts, naturally suggest the idea of the per-» 
eolation of sea-water to certain metallic bases of th^ 
alkalies and earths* It has been supposed that th6 
salts sublimed, and the muriatic acid gas evolved, give 
great countenance to tiiis hypothesis ; but the perco« 

* Mr. Poulett Scrope has remarked (Considerations on VoU 
canos, p. 82.), that the great projectile force of the elastic vapour 
discharged from a volcano is occasioned by circumstances ana> 
logons to those produced by the ignition of gunpowder in a can- 
non, as far as regards the direction and force communicated to 
the discharged vapours or gases, the sides of the volcanic vent or 
(ipe corresponding to those of die cannon. 
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UtiffB af «eft-watto to inotiid^ftoeirt "^iftttar, stek ^ 
Wv% moiM, uncler oeitain ciicvmstenc^, prodmoe 
aomewbfttwmikrredultB. When we obtain hydmgeii 
ki abimdanee, we semi to require tlie. decompoaidbn 
oi at least a poitioa of the water. How fur the 
eiilphur requisite for the prodnction of tiie tsuiphii^ 
retted hydrog^, often ohtenred, may be derived im- 
mediately from the eeait of yolcanic action* or firota 
the eu]^[ihaAe of soda contained m sea-water» is aain- 
terestfug, question, because it leads to an esttmate* 
under this liieory, of the sttbittan<^ situated ttenealh, 
and m the foci of, yolcanic action, Whidi it may be 
neeessary to add te the contents of the sea^wate^ 
its^, to «coount for 4&e tafKAm and gaseous maXbet 
pv<Aved, 

We now know that volcanos exist at consideribla 
distiakees fnnn the sea. Thete is, acoorditig to MM^ 
JG^roth, Abel lUmUaat and Humboldt, a yokteio 
TC^^On in central Aaia« between 900 and 400 leagues 
frtMn the ocean, with an area of about 2500 squaM 
geogn^ihical miles. IntiiecentarillchaiB'ofthcAAdes, 
also, the Peak of Toliltta has been in a state of enq)^ 
tien mere than <moe since historicid times. Now it 
^ro\M be highly interesting to study how Ibr the ga^ 
eeoi» matters evolved from these vents»so distant from 
the sea, differ from those discharged from vents eidier 
surrounded by, or not frtr distant from* the waters of 
the ocean. Where saline lakes or inland seas are 
^sent, as might he tiie case in some parts of Ada, 
the results would be equivocal. The percolation of 
water through rocks impregnated with saline matter 
would also render the observations uncertain ; yet it 
would be most valuable to have observations, by ezr 



^erieaeed cliesMtB* on the pvodueti of voletmos dife* 
lenUy aittutted m. rc)|i«dB tibeir ^oziiiiily tQ the tea*. 
By mdi laeaas ve sliofild more finely appnyzinuto, 
to^^^ds a knowiedge of H^ ca^iaea of volcanic actum* 
- Hie moat maiicf^ aubstanee which we ahoald not 
ei^ieet tiie aea, htm its Ipiowii contents^ to cany to 
Tolcaiiie foci, is ^^bornc aieidj a gas often evolved ia. 
GQDsiderable ubandance, particularly at the tennina- 
tioa of eraptiana, as if escapii^ after the great maaa 
of matter has been thrown out. Now thia ia a sob- 
stance brought fredy to the sur&ee of die earth both 
by thaasial and. cold sj^inga. Its presence in the 
former is interesting as connected with volcanoa ; is^^ 
deed tiie cold condition of the other vraters containing 
it does not prove that such wfLten may not originally 
have been heated> and have bec^ne cooled in. their 
pasai^ to the surface. The weight of a colunm of. 
water above, and the pressure of steam beneatii> migjit 
foiee the water of springs so cireumstaxiced to take 
up more carbonic acid than it would otherwise do» 
upon the same {Hrineiple that artificial carbonated 
waters are prepared under pressure. The vrarmer. 
tito waAer> aU other things being the same» the leaa 
would necessarily be the quantity of carlxmic gas ; 
aiid we eee tiiat the Carlsbad waters, with a ten^- 
laAure of 165^ Fahr., contain five cubic inches of thia 
gas in a wimfe pint""* while those of Pyrmqnt are im-- 
pregnaited vrith It to the amount of twenty^six cubic 
inches in the same measure, the spring not being 

th^raudt* . . / . 

One, of the great ehuact^ristics of volcanic actum 
is the Violent ev^ution of gaseous matter and aqueoua 
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vapour. Possibly some of the latter may be produced' 
by an xmion of free hydrogen wilii the oxygen of the 
atmosphere, and there would generally be no want 
of electric discharges to produce the combinatkHi, for 
such are the very common accompaniments of nemp* 
tions ; but the great mass of it really aeraas water 
converted into steam, and driven off with no ordinary 
force. We should obtain aqueous vapour in abund- 
ance by the discharge of water on incandescent mat- 
ter ; but the production of some of the gases evolved 
by the mere decomposition of the salts dissolved in 
sea-wat^ appean to be more difficult by ihe same 
means. Chloride of sodium is common as a subli- 
mation in volcanos, and chloride of iron has been de- 
fected among the Vesuvian products by Sir Humphry 
Davy. The chloride of sodium is, however, nothing 
but dry sea«*salt, so that we obtain it by the piere 
action of heat, and the evaporation of the sea-vrater^ 
Muriatic -acid gas is frequently observed in volcanic 
eruptions, but no estimate has 3ret been made as to 
its relative importance, and it would remain a question 
how fat it might be produced in the volcano itself 
by a combination of hydrogen with cUarine, or be 
directly obtained from sea-vmter. 

The relative amount of hydrogen gaa ev(dved# 
ather cbmbinedwith sulphur, as sulphuretted hydro- 
gen, or free, is important, because from it some esti-i> 
mate might be formed of the necessity, or supposed 
necessity, of the decomposition of vrater to i"^«^iiflt 
for the ph^enomena observed. If volcanic action de* 
pends on the decompoeition of vrater, the oxygen 
uniting with the metallic bases of certain earths and 
alkalies, aa enormous volume of bydnog^s viewed 
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cdlleetively, would be evolved. Dr. Daubeny has 
suggested that the hydrogen thus throvm into the 
fttmoephere would combine with oxygen, form water, 
and be again conveyed to metallic bases, again to be 
19>enited ; so tbsX a ^ven amount of hydrogen would 
merely act as a carrier, and there would be no great 
accumulation of this substance in the atmosphere. 
One curious result would, however, be produced if 
oxygen be separated from the atmosphere by these 
or any other similar means : the volume of oxygen 
in it must decrease in a ratio proportionate to the 
number and intensity of volcanic eruptions. 

Information respecting volcanic vapours, gases and 
sablimations is undoubtedly very limited, and not 
exactly such as we require for a fall consideration of 
the subject : but as far as it extends, the percolation of 
water to volcanic foci appears requisite for tiie phR« 
Bomena observed. Whether we are to suppose the 
water decomposed.at least a portion of it, thus produ- 
cing heat, or whether it merely foils on incandescent 
matter, is a separate question. Elastic vapours or 
gases seem necessary to the propulsion of the solid 
and liquid matters ejected. Their discharge always 
accompanies a great eruption, and their propulsion of 
liqfCiid or solid matter into the atmosphere is one of 
the most mariced and imposing features of volcanio 
en:^tions. Now the mere fracture of the earth'i^ 
emst, even to liquid incandescent matter does not 
ai^pear sufficient in itself to produce the effects we 
witness in active volcanos, unless we suppose the 
elastic vapours and gases, so commonly discharged, 
to be constantly present beneath the earth's solid crust, 
over all parts of the globe* This supposition implied 
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ft state of ^iaga \ner7 difficult to coorare, mote pir* 
ticnlaily whea we consider the kind of 'mpovm and 
gases evi^Yed. At all events, it dtoes noft e€er tlie 
same simplicity as the hypothesis of the percolation 
of sea or other waters, through fractured strata, to 
volcanic foci, where tiiiey tindeigo dianges, whatever 
their immediate cause may he, producing at least a 
laige pn^rtion of the elastic vapours and gases so 
in^xMrtant in all volcanic eruptions. 

< We may here remark that sub-aqueous would so 
lar differ from sub-aSrial vokanos, that the vapours 
and gases evolved from the vent would, fcnr the most: 
part, be readily absorbed in the first case, and not 
escape into the atmoi^here, unless the crater be so 
tiear the surface of the sea, that the force with whieh 
the vapours and gases are expelled is sufficient to 
overcome the resistance of the superincumbent we^ht* 
At moderate depths this resistance would however bo 
sufficient^ mcH^e particularly wh^n added to the feusility 
with which itoet of the vapours and gases woidd com- 
buie with waten Aqueous vapour would readily dis- 
ft|)|)ear, and only be carried high above the disduufpog 
eiatef wh^i near the sur^e of the winter, as waft 
the case during the formation of the island of Sdaeest 
in 1831, between Sicily and Pantellaria. Such aqiis- 
ous vi^ur condensed is in thjb condition of wi^ 
from which air has been driven by ebullition 1 it. i$ 
in fact distilled water. Its temperature would ^ 90^ 
be reduced by the surrounding mass of aea^ sod it 
would speedily be^ though somewhat mixed with the 
latter,iti a condition to absorb muriatic acid* sulpboous 
pcid^ sulphuretted hydtqgen, and carbonic acid* indcn 
peadently of any absorption that might l«ke place by 
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Hhe *8ea-*w&ter itself. Free nitrogen woold oaly be 
tpmugty abeoTbed* bat if it be tmited with hydrogen 
in the form of amimmiacal gas, it would speedily be 
so. la deep waters tiiere would neeessaiily be grral 
pressure, and this alone would tend to ibree the ga« 
seous products into the water. Indeed, as far as re* 
gards mefe pressure, sulphurous acid g;a8 woidd b9 
liquid beneatii 68 feet, and sulphuretted hydrogen 
beneath 578 feet of water, at the respective teiii|ie-* 
Mures of 45° and 50° ; temperatures common in deep 
water8> and to which we may CQuceive those around ail 
active volcanic vent would be reduced at no conn* 
siderable distance from it. It is almost useless to 
iMftice 1he efiect of pressure by water of such sub* 
stancea as muriatic acid gas, or ammoniacal gasi 
tttpposing the latter to be formed, for they would 
irapidly diae^ppear by absorption in it ; but they would 
both become liquid beneath depths by no means con<» 
iiderable, the former at 1360 feet, the latter at only 
881 feet. 

Viewing the subject solely with regard to pressure, 
^re would be more difficulty with carbonio add, for 
it reqtdred a temperatnra of 32° and a pressure eqiial 
to d6 atttMspheres to render it liquid in Mr. Faraday's 
experiments. The pressure would be readily obtained 
benei^ a moderate depth of sea, but such low tem« 
peAktures would only be found under certain con-* 
^Obs in polar ktitudes. Considering, however, that 
gteat Additional pressure would product the same ef^ 
^t in forcing tile particles of carbonic acid together 
tt the leader pressure and greater cold above noticed* 
We may infer that beneath 500 or 600 fathomii of 
tnrtier this gttneous sUbstancd. would be liquefied. Now 
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this is no extnordiiiary depth; on the eontmry, it 
must be very common over a considerable poTtion of 
the area occupied by sea. Even in the Mediterranean 
deeper water is not rare. M. Berard found no bottoniL 
with a line of 1200 fathoms in situations between the 
Balearic Isles and Algiers, when sounding for the 
purpose of ascertaining the temperature at different 
depths. As nitrogen has never yet been liquefied by 
experiment, we do not know that it would become 
so beneath the water of any part of the ocean ; but 
though it may not become liquid beneath such pres* 
sure, it would, being elastic in its gaseous condition, 
be rendered so dense as to be subject to those effecti 
which have been attributed to atmospheric air under 
similar circumstances. 

The evolution of vapours and gases, and the causes 
which may have produced them, are, however, not 
the only olijects of interest in this inquiry. The pro- 
bable production of the solid and liquid matter ejected 
IB also highly important. Streams of lava are rarely 
if ever produced, except at those periods of intense 
volcanic action termed eruptions, and it is very gene-» 
taUy considered that these masses of liquid rock are 
derived from considerable depths beneath the surface 
of the earth. Prior to great eiliptions, the volcanic 
vent is generally clogged, as it were, by solid lava 
and fallen rubbish, so that tiiere is both solidity and 
weight opposed to the free passage upwards of gases, 
vapours, or liquid melted rock. We can scarcdy 
consider the crack, or vent, to be void of liquid or 
solid matter from the orifice which is so choked up 
to the depths whence we suppose the lava, vapours 
and gases to be originaily derived^ We should m&er 
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infer that the pipe or crack was filled with lava in« 
termingled with vapouxB or gases, which may, or may 
act, be able to pierce through the matter accnmulated 
in the crater. 

That lava retains its heat for considerable periods 
of time, we have abundant evidence, even when it is 
ejected from the crater or sides, and can thus radiate 
its heat freely into the atmosphere *, If it can retain 
its elevated temperature when thus exposed, what 
length of time may we not allow for its doing so 
within the pipe of the volcano itself, surrounded on 
.^ sides by matter greatly heated, and like itself, an 
«xceedingly bad conductor of heat. Even in those 
cases when centuries elapse between the great erup- 
tions of any given volcano, the lava is probably liquid 
beneath no very considerable depth. The particles 
of the higher portions may be, and probably are, so 
irmly united, even when red hot, as to require very 
great force for their separation, and this perhaps may 
be one of the reasons why explosions in the earlier 
stages of an eruption are so violent, powerful re^istr 
ances being suddenly overcome not only by the strong 
pressure of the liquid lava beneath, butako by elastic 
vapours struggling to free tiiiemselves. 

If the cone or elevated portion of a volcano bears, 
lasis commonly supposed, but a small proportion, in 



* Mr. Poulett Scrope observed a current of lava, flowing at 
the rate of a yard a day, on the flanks of iEtna, in 1819, after it 
had been ejected nine months. (Considerations on Volcanos, 
f* 101.) Dolomieu and Ferrara notice other currents of lava, 
also ejected by ^tna, as in movement ten years after they were 
thrown out Sir William Hamilton lighted small pieces of wood 
in the Assures of a current of Vesuvian lava four years after it 
Jud been cjsctedi 
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height, to the depth whence the Iatr is derived, ilie 
eolumn of liquid rock would is all cases be consider- 
aUe, though its height would vary materially in dif- 
ferent volcanos, depending on the devatilig power he* 
neath. Now if the crust of the globo were of the same 
general thickness throughout, and the interiot of the 
earth fluid, any cause acting uniformly in the hMer, 
so that it should endeavour to pierce the former 
through fissures, would, all other circumstances being 
equal, maintain columns of nmilar fluid matter at 
equal altitudes ; so that we should expect volcanos 
to be of nearly equal altitudes on the surface of the 
earth, if they were produced solely by the endeavouiH 
of an interior incandescent fluid to escape outwairds 
through fissures or cradcs on the surface above. Such 
a state of things supposes expansive power in tiie 
interior mass, and consequently a cause by which its 
volume is increased. This cause could not be radia- 
tion of heat from the earth, which would tend to pro- 
duce ^e contrary effect; it must be sometibing causing 
a comparatively wide separation of tJie partides of 
matter in at least the external portion of the fluid 
interior mass. 

If the solid surfietce split while cooling into numer- 
ous firagments, such fragments might be supposed to 
sink or swim in the liquid matter beneath, according 
to its relative specific gravity. Taking the mean den- 
sity of the earth's mineral crust at 2*6, fragments' of 
this specific gravity would sink in felspathic or tra- 
chjrtic lava and float in basaltic matter. Considenji|^ 
however, that lava, whether trachy tic or basaltic, would 
be rendered so much lighter by heat, (as they must 
always be to a certain extent,) that masses of cool 



XAK9 OS VMM SABTe's 8URFACB. 159 

matter of the density of 2*6 would nnk in them, liiese 
manea voukL all tend to come together fiom the ac* 
tioa of gntvity ; and aa this force must always ezi8t> 
one does not see that the fragmenta could be aepa* 
lat^ at all, unless an expansive force acting from 
^beneath compels them to do ao ; for they would be 
squeezed togetheir. 

An expansive force of this kind, acting generally 

beneath the crust of the earth, the latter, broken and 

iractuied as it is, could scarcely be expected to resist 

the power exerted upon it in every direction. It must, 

we should conceive, give way before so general an 

application of force, liquid matter being introduced 

among the fissures in all directions, and the solid 

aupezfidal portions separated to enable it to do so ; 

the result being a state of comparative rest, produced 

by the expansion having attained its limits. This 

theory seems. directly opposed to that whieh considers 

the {xresent condition of the world to aris# from the 

radiatioa of heat, and a consequent diminution in the 

volume of the earth ; for according to it the vohune 

would be increased, producing all the consequences 

of such increase. And should we suppose similisr 

effecta to secur at intervals, the volume of the eaith 

wooULbeooBB^e. gradually larger. Perhaps it may be 

considered that the percolation of water to the. n^e- 

talliQ bases of the earths and alkalies, situated gene- 

i^y beneath the oxidized crust, would cause expaur 

^as both from the heat evolved and the combination 

of themetalfi with oxygen ; the unequal checks offered 

^ the passage of the water producing effects more 

'caeBAUing those we witness. Radiation of the heat 

*o caused would certainly produce contrection, and 
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thus we loight obtain a plausible account of somfr of 
those alternate rises and d^ressibns of continents 
and islands* which geology teaches us have taken 
place on the surfiajce of our planet ; for while intense 
heat was produced by the combination of the oxygen 
of one charge of water with the metallic base, no more 
water could approach the lower body from above, until 
the heat was sufficiently radiated or conducted away, 
and therefore there would be no gradual and continued 
expansion unchecked by contraction. It would also 
serve to explain the unequal rise and depression of 
masses of land. It would still, however, give us an 
increase of solid matter at the expense of the atmo- 
sphere, in the mamier previously noticed (p. 153), con- 
tinuing to rob it of its oxygen to an enormous amount 
It is. apparently a great objection to this view that 
we should scarcely obtain the great inequalities we 
now observe on the surface of the earth. We have al- 
ready stated the difficulty of accounting for mountain 
ranges and remarkable lines of elevated strata by these 
means : there is also a difficulty as to the bed of the 
ocean ; for water, all other things being the same, 
should percolate easier to the metallic bases beneath 
deep seas, even supposing the oxidized crust to be 
there of equal thickness, than through continents 
and islands. 

Should this cause produce the elevation of great 
masses of land, we should expect the latter to exhibit 
the marks of volcanic action at the same time ; that 
is, we should expect the hydrogen evolved to escape 
through fissures, accompanied by fased rock and va- 
rious gases and vapours. Such an hypothesis might 
plausibly explain the ieleyations of parts of Italy, but 
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ftppears inadequate to aeeoiflntlbr tlie remialiable riaa 
of land, "Within historical times* noticed in Morwsay 
and Sweden*, it being unacoompamedh^ th« evoiun 
tion Cft ejection of gases or other silliataBces, whickj 
might lead us to believtf Hiat decompSidiioa of walei 
beneath, from the causes above notked^iprodaced 
heat, and that heat the necessary expanion. 

That changes in the relate positidnft^and fereb 
of sea and land hare taken place on the surface of 
bur planet, all our contineiiftsi aixd the- greater part 
of our islands, bear abundant evidence. BjJiar the 
larger portion of dry land must* have beenJormed 
beneath the waters of the oceans not only do SmaA" 
ant marine organic remains, but the structure of tfaa 
rocks themselves, prove this : indeed the comparative 
area occupied by rocks which could have been formed 
at those levels above the ocean which t&ey now occupy, 
is exceedhigly small. They would necessarily eonsist 
of volcanic products, of deposits in laloes and masses 
of fresh water, which have disappeared And left titem 
exposed, and a few incrustations formed by the evapo- 
radon of water charged with foreign substances, such 
as carbonate of lime. The rocks which have been 
clearly produced beneath the sea, by chemical or me- 
chanical deposits from it, are stratified ; and when we 
compare these with the stratified rocks which may 
have been formed out of it, the difierence in the 
volume of the two products is enormous. 

We have elsewhere observed that an* exceedingly 

* This elevation is considered to be unequal, ^eing estimated 
at the rate of 4 feet in a century in tne northern part oCthe Qqtf 
of Bothnia, thence diminishing towards the south, so. that kin 
only 2 feet in the same time on the coast of 'Kl^l/Mrvlta ^ot 
observable at the blands of CEland and Gottland. f* H 



162 BISVATION OF 1CA88E8 OF hJJXDi 

jimall and unequal expaosioii on the suifBce of tht 
-earth might produce great continents* ; and if the 
reader wiH turn back to fig. 21, he will perceive how 
readily this may be accomplished. The boundarj 
line of the circle represents a proportional depth of 
one hundred miles. Now it will be evident that if 
any circumstance should cause an increajsed thickness 
of iV in this depth so that the exterior be raised Vir> 
Txe should have an elevation produced to the height of 
two miles, sufficient to raise a great body of matter 
deposited beneath many parts of the sea above its level. 
This thickness, however great it may appear to us, 
accustomed as we are to measure elevations even by 
fractions of our own mean height, is in fact so smalU 
relatively to the diameter of the earth> that the un- 
avoidable roughness in the printed line of the circle 
(fig. 21.), represents inequalities of fieu: greater amount. 
The unequal contraction of the crust of the globe, 
(really of very trifling importance compared with 
the volume of the earth,) would not only appear to 
raise large areas, composing continents, bodily out 
of the water, by producing great depressions, but 
would squeeze the principal surface fractures into 
mountain ranges. The general movement might be 
so slow that we should have difficulty in measuring 
it by our ideas of time, while here and there the 
pressure of the sides of the gpreat fissures against each 
other would cause more sudden movements, the force 
applied, however general its nature, overcoming the 
resistances opposed to it at unequal intervals ; thus 
producing those sudden dislocations which, measuring 

* Sections and Views illustrative of Geological Phaenomcna, 
p. 71. 
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them by hi6 own height, or more commonlyBome minor 
portion of it, man terms enormous. Taken by itself, 
this cause would act on too large a scale to produce 
volcanos : these seem rather the effect than the cause 
of great movements in the crust of the globe, the con- 
ditions for their existence being apparently produced 
by liie effects resulting from a much more general 
and greater exertion of power. While, however, the 
more important effects may be attributed to the 
greater, smaller disrupting effects may be assigned 
to the minor cause ; and probably no small amount 
of the elevations, depressions and fractures observable 
on the surface of the earth may be due to the com- 
pound action of both ; not forgetting that the dislo- 
cations and movements of superincumbent rocks may 
be such as readily to permit the intrusion or injection 
of igneous matter of different kinds among them"*. 

* To prevent misconception, it may be as well to state that the 
foregoing remarks were in type, precisely as they now stand, be- 
fore Mr, Babbage (as I had occasion to make known to that gen- 
tleman at the time of reading his paper before the Geological 
Society,) communicated his very interesting views to me respect- 
ing the elevation and depression of land from variations in the 
expansion and contraction of rocks ; variations which depend on 
the difiPerent conditions under which the rocks have been placed 
beneath sur&ces possessing different powers of radiating heat 
The passage alluded to in the text, and to be found in the work 
quoted, is as follows : '* To one who looks at such a diagram, it 
will be obvious that slight and unequal contracdons of the mass 
•f the earth would produce changM we should consider important; 
and it may occur to him that mere thermometrical differences 
beneath the earth's crust might be suflScient to raise whole cou*^ 
tlnents above the level of the -sea, or plunge them beneath it." 
Still further to prevent misconception, it may be as well to state 
that I have every reason to believe Mr. Babbage never saw the 
passage until I pointed it out to him, after he communicated his 
views to me ; and that I do not pretend to have entertained opi- 
nions similar to his respecting the probable effects of the causes 
he notices h^we he stated them to me. 

M 2 
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CHAPTER VIII. 

* 

Whxn we regard any good representation of tiie real 
physical features of a mountain*chaui, such, for in« 
stance, as a correct mt^ of the Alps, we are struck 
with the great resemblance which the principal val- 
leys bear to fissures. There are commonly some 
valleys which hold the same course with that of tbs 
main range of mountains, while others run in diiee* 
tions nearly at right angles to it. These lines will 
often be found not strictly straight when ^'qgnmttuMi 
in detail ; but when viewed on tixe great scale, the 
tendency of the leading valleys to take longitudinal 
or transverse directions is v«y remarkable ; ao much 
so, that physical geographers have employed die terms 
'longitudinal' and 'transverse valleys' without re« 
ference to their origin. When we attentively study 
the cause of these phaenomena, we are generally able 
to detect lines of dislocation or violent contortion co- 
inciding with those of the valleys. The lines of the 
principal valleys are therefore in such cases the lines 
of principal fifacture ; in feet they are precisely such 
0S we should expect to find resulting from those 
^causes of mountain-cfaaiiia which have been previa 
'ously noticed. 

* • The great fractures generally run, as might be ex* 
i>ected, in tlie lines of longitudinal valleys ; that is, 
the fissures productive of the greatest amount of ver« 
Heal movement, throwing the planes of once-conti- 
nuous strata either up or down, as the case may be^ 
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tire in stich direclaoQs. The traiumene vtSeys, im-* 
less the moimtain-chaiii has been tx«?ened.by systems 
of cross fractures of various geological epochs, are not 
in general so remaricable for vertical as for horizontal 
movements. The beds on either side more closely 
correspond, and there is more resemblance to a se- 
condary fissure ; that is, a fissure produced by the 
rending of the masses split longitudinally. 

When we attempt in imagination to replace the 
dislocated rocks composing mountain-chains, so that 
the edges of the disrupted strata should be brought 
into contact and again form continuous planes, wa 
ttre soon sensible that a lairge amount of matter kai^ 
been removed, and that we could not reproduce otu^ 
great continuous mass of the rocks composing th^ 
mountain range. 

Fig. 28. 




Let a (^g. 28.) represent a mountain valley, in 
which a feiult, or dislocation, /, runs along the bot- 
tom^ and that in consequence of this dislocation a 
well-known bed of rock b occurs, at different levels on 
either side. It is dear that if we attempt to bring 
the bed b on the one side in a line with b on tiie 
other, either by lifting up one maiss, or letting down 
the other, there would be no continuity of the gene* 
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ml maw of beds; a gpeat portion of matter wodU evH 
dandy be wanting. 



^ 


Fig. 29. 


3-i-- ■ 










The annexed diagram (fig. 29.) represents the bed b 
placed in the same plane in -which it existed prior to 
the fracture, and the space a will convey an idea of the 
amount of matter removed not only beneath the pli^ 
of h b, but also above it. U, instead of a fracture pro* 
ducing the sudden rise or fall of great masses of rodtc 
on either side, we consider the opening caused by a 
great bend of stratified matter, fracturing and sepa- 
rating the upper parts from each other, (a fact often 
observable in mountain-chains,) we still find matter 
removed when we attempt in imagination to replace 
the bend and reduce the stratified mass to horizon* 
tsQity, as will readily be seen by reducing the lines b € 
representing marked beds (fig, 28.), driven upwards 
by the bend e on either side of the valley d, to hori- 
zontaHty, 

. Now if we form an approximative estimate of tbe 
cubic contents of the matter contained in a mountun- 
chain, such, for instance, as that of the Alps, above 
any given level, and roughly calculate the amount of 
matter that might be contained in the mass, if it were 
merely broken to pieces, the dislocated parts fitted to 
each other, and forming aa once, a continuous whole. 
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we fiad the portion carried away or misBing very 
considerable. Such a calculation is necessarily yery 
rough from the nature of its elements; the amount 
of contortion is more particularly embarrassing ; yet 
sufficient may be accomplished to show satisfactorily 
that diere has been a very large amount of matter 
removed. 

Moving water k the only agent known to us ca* 
pable of carrying away this great collective mass of 
rock. In order, therefore, to form a just conception 
of the time and conditions required to produce the 
effects obser^d, we should carefully examine the 
latter, and estimate the transporting powers of those 
running waters which now exist among the moun- 
tains themselves, and which transport detrital matter 
from the central parts outwards. 

Bemeal^ the envelopes of snow, commonly termed 
perpetual, because a given amount of them never be- 
comes liquefied under the ordinary circumstanced iir 
which they are plaeed, the 8urfoc<$ of solid rock is 
greatly protected, if not from decomposition, at least 
from removal, except when an avalanche may cut 
deeper than usual, or a mass of the rock supporting 
the snows fedl into the valley below. So long as 
ordinary circumstanees continue, the dome of Mont 
Blanc will be covered by snows, which began to ac« 
Emulate there after the mean temperature of the 
elimate and the altitude of the mountain were the 
same as at present. Such snows would protect the 
supporting rock from removal if they had not a ten- 
4ency to descend in the shape of glaciers, and thus, 
%y friction on many points of the suifruse beneath, 
firoe portions of such 8ar&eet6 a lower level. View- 



ng the subject m this light, >f e oan «oarcefy oooiidei 
any conauierable adreit of rock beneath pe^fpetual shqw 
to be ftbftobitely free from degradation, thoogh such 
eenditions.w^Mild be generally unfavoisrable* aoi^ the 
amount of detritus so produced be relativ^y unim- 
ptutsnt. 

Lofty peaks, or aigmlles, on which snow cannot 
vest, merelyttsihiiatvig itsell dxnotag the vertical or 
k^hly inclined crevices, ^and a zone comprised be-* 
tween Hie line of a-constan^mowy covering, and that, 
ttta lower level, where the rapid altematione of tta^ 
Slid tiiaw terminate, are the pait» gf a high ma«n« 
tsinous region generally most productive of large ie^ 
toxshsd fmgments, all other ^sircumstances benig equaL 
If tiie sides of a mountain be precipitous and exposed 
to the latter condition, the eoUective amount of fallei 
inatter will'be foimd very considerable at thoise pointi 
where it has, at least^f(9r the time» been brpught.to 
i«st. During those seasons c^ the year when the 
mdted sndwe aiboase caos&a descent of water to lower 
levels* as weU'OW the general 8urf|u>e as among the 
vanoDS drainage channels, the water, iasinuatmg it- 
self into the interstices of the surfape rock during the 
day, is ^recpieuHy hoxiea at night. Water, entering 
into its sottdstaie, expands* as is well known; there^ 
icfre all tiiose postions oC rock which thus become 
heaved o«t of their original places by the formation 
of ice during ths night, v(^, if their centres of gravity 
permit, fall when tiie heat of the succeeding day.li- 
quefies the ice. Should the centres of gravity of the 
rodc-fragments be so situated as not to produce an 
immediate £b11, the repetatk»B pf the above efiects 
laroiild tend net osiy to loolea but alsa tyi f orcQ them 



into pcMitioDB -where, if they do not fall by tlieir own 
weight, they may do so hy the action of powey^ 
winds, by a blow from a fragment detached from above^ 
or by .the lose of part of the .support beneath. 

Where the temperature luod other circumstancei 
permit the gTow& <»f plants, the fall of rocks, from 
the cause noticed above, is checked. The roots, it is 
true, act most powerfully in dividing fragments from 
each other, but at the same time they bind masses of 
them together, not readily removed except under ex* 
traordiQary circumstances, such as violent storms and 
the like. The less the slopes are inclined, the greater 
is the stability of the vegetation upon them; and, con* 
ae^uently, the greater the protection afforded to the 
locks beoeath from thi|s cause, the less the amount of 
rock removed to lower levels. Broken bare rocks, «i* 
tnated b^tw^ci^ the lines of perpetual snow and of a 
fair pjrotecting amount of vegetation, other things 
being equal, will be the exposed area among lofty 
mountains where we diould expect to find the greats 
fst amount of degradation. The size of the masses 
detached will necessarily depend upon the precipitous 
fihaxaeter of the mountains, the relative elevation ti 
the peaks and cli£Fs,,the nature of the rock of which 
they are composed, and the kind of dimate'in which 
th^ particular mountains are i^tuated. 

Atmospheric causes tend, therefore, constantly to 
destroy and throw 4<ywn to lower levels such parts 
U xock-masnes as are by any means thrust up suffi.<- 
ciently high into the w» n&ore particularly when there 
is a zone in which there mny be almost diurnal changes 
from frost to thaw. In point of hct, all parts of a 
xaomitain range have a tendency to be degraded more 
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or less by the action of atmospheric causes upon them ; 
knd even the portions protected by vegetation may be 
eventually undermined, so that the fragments of roc^ 
bound together by the roots of trees are moved in a 
fnass, should the trees be uprooted and washed on- 
Ivards by descending waters. It should also be re- 
(Collected that in mountainous regions the slopes, even 
those supporting vegetation, are for the most part 
highly inclined, so that mineral and vegetable matter, 
finely divided, is readily moved downwards mechani- 
cally suspended in myriads of little threads of water, 
which pass almost imperceptibly among the vegeta- 
tion itself. 

We have hitherto merdy noticed the mechanicil 
Action of atmospheric causes ; the chemical changes* 
are* however, no less important. We have seen 
^p. 92.) that by the percolation of water numerous 
rocks are continually suffering an alteration in thdr 
component parts. Many of these changes produce 
ready disintegration, so that substances, apparently 
of great toughness and durability, give way before 
moving water, which otherwise would long resist its 
mechanical action. The quantity of oxygen oon^ 
fained in the air, which rain-waters have absorbed 
horn the*atmosphere in their ftdl, will greatly assist 
in forming chemical combinations with certain con-f^ 
stituent portions of rocks, which thus becQme more 
readily decomposed than would otherwise happen, as 
has been remarked by Dr. Boase*. The carbonic 
acid, also, absorbed by rain-water from the atmosphere 
must likewise assist in the decomposition of many 

* Contributions tovards the Geology of CornwalL 
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Foeks; and as snow-water appears richer in oxygen^ 
tiiufl derived, than common rain-water* , we should 
expect all such decomposing effects as can be pro- 
duced by oxygen so circumstanced to be greatest in 
rocks where snow-water percolates, and consequently 
in those elevated portions of mountain ranges which 
become saturated with melted snow. 

We thus see, that if a mass of fractured rocks be 
thrust up into the atmosphere, they will immediately 
be acted on by the latter ; and such causes of destruc* 
tion as we now witness would, if time be allowed, be 
sufficient to crumble the exposed portions into £rag<* 
ments of yarious sizes, removable either by gravity, 
moving water, or the union of both causes, to lower 
levels. The more sudden the relative elevation of 
the mountain range, the gpreater the collective area 
of the fresh-firactured parts exposed to the effects of 
the atmosphere ; assuming that the mass has not been 
raised upwards bodily without cracks and fissures, but 
that disrupting forces have acted on it in various di- 
rections. In such a state of things, and before vege« 
tation could in any way protect the newly broken 
parts, the degradation from meteoric influences, as 
they have been termed, would be considerable, the 
broken masses and smaller fragments would be lodged 
wherever slopes or levels were favourable, and, con- 
sequently, the greater amount would be eventually 
carried to the bottom of the open part of the disloca* 
lions, and constitute the bottoms of valleys. 

That a system of cracks or fissures, produced in 

* MM. Gay-Lussac and Humboldt found 34*8 per cent, of 
oxygen in the air contained in snow, and 32 per cent, of the 
Mine flttbitanoe in that discovered in ndn-water. 
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tlie manner above noticed, could afibrd so complete 
a drainage that bodies of accimmlated still water 
should not exist in the various channels, can scarcely 
be -supposed. Lakes of greater or less magnitude 
must be formed in numerous valleys, and t^eir- bot- 
toms be the zeceptadea of the detrital rubbish swept 
into them by the waters on their onward course to 
lower levels. Such lakes, either by cutting through 
tiieir barriers, or from being slowly filled by trans-; 
potted detritus, would gradually disappear. In.thti 
first case we should trace the evidences of their for- 
mer existence by various marks on the aides of the 
mountain valley, or by detrital matter cut through ; 
in tiie second we should have a plain from which the 
mountains rose suddenly on eith^ aide, the river pass- 
ing through it. There would probably also be another 
cause of their disappearance, productive of effects 
having considerable influence on the condition of lands 
at lower levels. A sudden removal of a lake's lower 
barrier by disrupting forces acting in the line of the 
valley (precisely the line we should expect to be acted 
on by subterranean forces, being that of least resist- 
ance,) would not only cause the lake to disappear, 
but yrould also throw a body of water violently upoii 
the lower levels. The effects produced would neces- 
sarily, depend on the volume and velocity of the dis- 
charged water : both would of course vary according 
to circumstances; but we should anticipate that, under 
these assumed conditions, they would be sufiicient to 
cause considerable changes, tending to force forwards 
the contents of lower lakes wholly filled up, convey- 
ing a great body of detrital matter to the lower levels, 
and transporting blocks which could not be moved 
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by the power of the riven, even during times of 

flood* 



a 



TW^zm^. 




If a, h, c, (fig. 30m) represent lakes produced by tbe 
inequalities in the bottom of a mountain Talley, it is 
clear that they may be all contemporaneously' (geo- 
logically speaking) filled by detrital matter, mixed 
with exuviae of Ihe terrestrial and firesh- vater crea^ 
tores inhabiting the neighbouring country or the lakes 
themselves at the same epoch. Unless, however, there 
be, as not unfrequently happens, abundant detrital 
matter carried laterally into the lakes from the heights 
on either side, the higher lakes would have a tendency 
to be sooner filled than tiiose at lower levels, being 
the first to receive the transported matter brought 
down the valley. 

The effects which we have thus supposed would be 
produced by such an action on great masses of rock, 
tiiat they are fractured and thrust into the atmosphere, 
constituting ranges of mountains, bear so dose a re« 
semblance to many hcts we observe in the Alps and 
other considerable ranges, that we are inessitibly led 
to consider them the result of somewhat analogous 
causes. Hence a great body of matter might be de« 
tached fromr mountains, more particularly when frac- 
tures were fresh, and transported outwards by a long- 
continued action of those causes now constantly in 
l»peimtioii on tiie surface of the globe, and more p«jr# 
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ticularly observable in high mountain nmges. Whe- 
ther the total amount of solid matter necessary to 
replace that which has been removed, could by such 
means be carried outwards irom the mountains, is a 
separate question. 

We have hitherto considered this subject solely 
with reference to the protrusion of a mountain mass 
into the atmosphere. If a range of mountains were 
to be now formed, the chances, considering the great 
relative proportion of superficial water to land on the 
earth's surface, would be against its protrusion, at 
least in the first instance, into the atmosphere. Now 
if a long line of longitudinal fractures, accompanied 
by transverse dislocations, be produced beneath the 
waters of the ocean, such waters would necessarily 
be agitated with more or less violence in proportion 
to the sudden elevation, volume and height of the 
upheaved and dislocated mass. All loose fragments 
would be washed to the lower levels, the bottoms of 
the valleys would be filled with detrital rubbish, and 
much might be transported to the lower levels on 
either side of the sub-aqueous mountain range. The 
denser the water, and the more impregnated with 
matter mechanically suspended in it, the easier would 
the larger fragments be carried by resulting currents, 
the differences of specific gravities being less. There 
would be great inequalities of surface ; but, if depths 
be sufficient, the mechanically suspended matter would 
gradually settle, the finer portions uppermost. 

If a range of mountains thus produced be brought 
gradually, or by successive movements of elevation, 
into the atmosphere, we should first have the destruc- 
tive action of superficiol tides^ cuneats mi wave^ 
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upon it, and no small amount of matter would thus 
be removed, particularly the unconsolidated portions,. 
If brought more suddenly into the atmosphere* th^ 
destructive effects would be greater; but in both 
cases, should the range once constitute a mountain 
mass rising above the sea, meteoric influences would 
commence, and be followed by the necessary conse* 
quences. Inequalities in the great valleys would pro-* 
duce lakes, detrital matter would be carried into them^ 
the sides of the mountains would suffer degradation* 
and altogether, after a sufficient lapse of time, the 
effects produced would so closely resemble those prcn 
viously noticed, that there would be great difficulty 
in deciding whether the original dislocations werq 
sub-aerial or sub-aqueous. Should, however, rocks 
have been deposited in the latter case, accompanied 
by marine remains, decidedly in the great lines of 
valley, there would be little doubt that such parts at 
least once constituted a portion of a sub-aqueous 
mountain range, and continued in that state suffix 
dently long tq permit the quiet deposit of rocks 
upon it. 

We therefore see that, whether mountains be pro-, 
duced in the sea or on dry land, much solid matter 
must be borne away from it ; but probably the great-s 
est amount of detritus would be suddenly carried off 
by such a relative change in the levels of land and 
water, that the great dislocations should be partly 
sub-aerial, partly sub-aqueous; so that heavy de- 
structive waves, of a magnitude proportionate to the 
disturbing force, should rush up the newly formed 
fissures, and sweep out a mass of fragments. In all 
cases, however, the running waters necessary to pro- 
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dnce the numerous effects we observe in moimUdn- 
diains must have been due to atmospheric causes, 
the erosion being^f that kind which marks the long- 
eontinued action of narrow streams of water moving 
with considerable velocity, and the transported mat* 
ter, found among the mountains themselves, being 
arranged in the mannez: in which it would be if de* 
posited by such streams. It might hence be inferred 
that we have a measure of the time during which any 
given mountain range has constituted dry land, esti- 
mating the length of time by the amount of detritus 
accumulated in any g^ven position. A little consi- 
deration will, however, readily show us that the re- 
sults are much too complicated to bear us out in other 
conclusions than that a large amount of detritus, ac- 
cumulated by the comparatively Aow action of moun- 
tain rivers, has required a long time for its production, 
without enabling us to estimate the amount of that 
fime otherwise than very generally. The facility with 
which detritus could be produced in one situation 
would cause an accumulation of it, by a given force 
of water, to be feur larger than another accumulatioii 
formed by deposition from an equal force of water, in 
equal times, where the production of detritus was fat 
more difficult. 

There being facts observable in many mountain- 
chains, and down great lines of valley, which would 
seem to require the force of a sudden rush of water, 
having considerable volume, for their explanatbn, 
recourse has often been had by those anxious to ex- 
plain all geological phaenomena by such intensities of 
force, and other circumstances, as we daily witness, 
to what has been called the ' bursting of lakes.' The 
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iilea seems to be that there is Bome very powerful 
fiirce inherent in the body of the lake itself* capable 
of driving out the solid barriers composing its sides. 
If it had been recollected that almost all lakes are. 

Fig. 3L 




when viewed on the Iwrge scale, mere shalldw basins 
of water, the sides of which rise at small angles, not 
unfrequentLy less than that represented in the annexed 
diagram (fig. 31.), it would readily be seen that the 
pressure of the contained water would be so small 
relatively to the. resistance of the sides, that no frac- 
ture could possibly be produced by it. If, instead of 
the sides being, as represented above (fig. 31.), nearly 
hoiizontal, as is so commonly the cose in nature when 
we make a section -through the discharging outlet, 
we su]^se them vertical, as at a d and b e, bo that 
the lake be suj^rted by the solid body ad c e b,we 
still find that the sides would be capable of resisting 
the pxessttre of the water against them, if the whole 
hasin of rock be, as is commonly the case, sufficiently 
solid. 

When we make proportional sections of all the 
great lakes known to us, we find that it would be 
uapQssible for the waters contained in them to break 
their barriers by any pressure they could exert on 
^m. It could only be under very extraordinary 
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circumstanoes that the rocky barrien of a lake could 
be forced outwards, as we have had occasion to im>- 
tice elsewhere'*'. If common calculations had been 
.made relatively to the amount of pressure whidr tjie 
waters of lakes could exert on their natural barriers, 
we should probably have heard less of the ' bursting 
of lakes' by such means. The sudden discharge of ac- 
cumulations of water, caused by the fell of ice across 
a valley, as happened in the Val de Bagnes, seems, 
from want of attention, to have led to erroneous im- 
pressions respecting the power of water to drive its 
barriers before it. From the lake so produced, 
'530,000,000 cubic feet of water were discharged 
down a narrow mountain valley in about half an hour, 
and must of necessity, under such circumstances, have 
■ carried huge masses of rock before it. It rushed from 
^e glacier with a velocity, according to M. Eacher 
de la Linth, of 33 feet per second, so that when we 
take both the volume of water and its velocity into 
account, we have a transporting force of very great 
power ; but in what manner such an event can illus- 
trate, as it has been thought to do, the power of water 
to burst a rocky barrier, it is difficult to conceive. 
Lakes caused by the fall of masses of rocks from 
mountains across valleys may, to a great extent, be 
suddenly discharged, if the resistance of tbe dam 
thus produced be unequal to the pressure ; tlie same 
effects would be produced if detritus, discharged from 
:a lateral valley, dam up the main river, and the bar 
be unequal to the force exerted upon it; but these 
cases are very different from the sudden discharges of 

* Geological ManiuJ, p. 63. 
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BQxk lakes as those of Norih America, or even those 
on each side of the Alps. 

Although the conditions fdr the sudden discharge 
of lakes by the power of the contained water to force 
a passage through their lower barriers must be ex- 
ceedingly rare, and the consequent sudden discharges 
themselyes be equally so, lakes may be readily drained 
in a short time, as previously noticed, by firactures 
of their sides, caused by earthquakes or more intense 
exertions of similar forces. When we attentively ex- 
amine mountain-chains, we find, at least all those as 
yet properly examined are found, to bear marks of 
more than one action of elevating forces upon them, 
raising them to the relative heights they at present 
occupy. We judge of the geological periods when 
such forces have acted by the kind of rocks quietly 
covering the disrupted edges of previously existing 
strata. Both rocks, or their equivalents in the geo- 
logical series, being known, we are certain that the 
particular elevation took place after the consolidation 
of the inferior rock, and prior to the formation of the 
strata reposing on its broken and upturned edges; 
and we, moreover, have evidence that after the older 
rocks were upset, they remained in that state suffi- 
ciently long to permit the deposit of the strata resting 
on them. 

Now finding strata resting on the disrupted edges 
of other beds on the flanks of a mountain- chain, only 
shows that some force upset the one before the for- 
mation of the other, and not that the first constituted a 
mountain range before the newer rock was deposited. 
Nothing is more common than to find two rocks in 
discordant stratification, as it has been termed, still 

n2 
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conatitatmg comparatively level tracts of cGsmtry. 
If such a district be suddenly thrown up into a 
moulitain range, inferior matter being introduced in 
Ihse line of the main longitudinal fracture, or the 
edges of the same fracture merely squeezed upwards 
against each other* we should err in our inference if 
we considered such elevation to have been produced at 
two periods instead of one, merely because we found 
rocks in discordant stratification on the flanks. These 
oug^t to be clear evidence in the intmor of the 
mountain range itself. 

• 

Fig. 32. 




Fig. 33. 



a -. 




Let a (fig. 32.) represent a bed of rock resting un^ 
conformably on previously upturned strata b, the 
whole constituting the base of a comparatively level 
tract of country ; and a, b (fig. 33.) be the same rocks 
tilted up by the protrusion a rock c ; we should have 
appearances that might be considered the result of 
two elevating forces on the same system of mountains. 
They would in this case be the conaequences of tw« 
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diarupting forces* though oniy the last has produced 
the mountain range ; but if the inclined strata (b) 
had been produced in any manner resembling that 
previously noticed (p. 60.)* there would only have been 
one really disrupting and elevating force. 

If mountains be, however, subjected to more than 
one movement of elevation, no matter how caused, 
and the disrupting force sufficiently intense, the sepa- 
ration of parts being easiest in the great lines of valley, 
any system of lakes formed at one period might be 
suddenly let out at another, and the vdume of water 
discharged outwards carry with it a considerable 
amount of detritus, distributing it into a sea, or over 
dry land, as the case might be. 

When we regard those immense masses of con- 
glomerate so dbfumon along the flanks and skirts of 
mountain-chains, be tlieir relative age what it may, 
we find them composed of fragments, either rolled or 
angular, derived from the rocks constituting the moun- 
tains themselves. According to the continuity and 
length of particular beds, should we feel inclined to 
judge of the character of the causes to which they 
are due. When continuous for considerable distances 
with common characters, we infer a more general 
force than when we see them interrupted at short 
and irregular intervals. The more distant a con- 
glomerate bed may be from the mountains whence its 
materials hove been derived, being at the same time 
similar to others nearer the range, the greater we should 
consider the intensity of force necessary to transport its 
component parts, all other things being equal. When 
sandstones and conglomerates alternate, we infer in- 
equalities in the power of transport, and consequently 
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that Uie causes of the power act irregolaily. T^e 
volume, figure and' specific gravities of the fragments 
would afford us some measure of the relative trans- 
porting powers if we were certain that the bottom 
over which the whole was borne, prior to deposition, 
was' generally similar. Great irregularities in the 
volume and figure of detrital matter would necessarily 
be found in deposits at the mouths of torrents ; and 
after a time, when levels of fair extent were induced, 
there would be a difficulty in transporting pebbles of 
large size outwards. Hence if we found continuous 
beds of conglomerate ranging in straight lines at 
moderate distances from mountains whence these 
materials have been derived, we may infer either that 
some force, more general than that possessed by the 
rivers descending frx>m the chain, has produced tiiem^ 
or that the detrital fragments having been borne out- 
wards by rivers from the mountains, some general 
force distributed them in a more regular manner tiian 
could be accomplished by the rivers themselves. 

If detrital matter be brought down by numerous 
rivers from a mountain range into a sea, there would 
undoubtedly be an endeavour on the part of the waves 
of such a sea to distribute pebbles, even of large size, 
along shore, thus producing lines of pebbles parallel 
to the shore. And we might consider that if the sup- 
ply of pebbles be abundant, the distribution of them 
would add to those previously thrown on shote, thus 
obtaining beds of conglomerate. To obtain regular 
stratified beds of sandstone by this process on the 
large scale would appear to be difficult, though inter- 
stratifications of sands and pebbles may sometimes be 
seen in the sections of beaches. 



When we regard the variouB causes which may 
jNToduce a transport of detritos from mountain -chains 
outwards, it seems somewhat hasty to determine, d 
priori, that only one cause has to any extent ever been 
in operation. We ought rather carefully to study the 
various circumstances connected with deposits, eyi- 
dently derived from the mountains which they skirt, 
— in fiEict, the effects produced, — and thence ascend to 
the probable causes of the facts observed, than to pre- 
determine the causes without sufficiently examining 
the effects. The latter is too frequently the course 
adopted, and is the necessary consequence of seeing 
only through one medium* We may possibly by such 
means, and amid a thousand hypotheses, occasionally 
bit the truth, but it can only be rarely, and most 
frequently by accident. 
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CHAPTER IX. 

Dt6LocATioNS of rodcs, or fiaalts« constitating lines 
of Td.lley8 are by no means' confined to moimtain- 
cliains, though more strikingly obvious in them than 
elsewhere : they are also sufficiently abundant in those 
districts commonly termed hilly, in "which a line re- 
presenting a proportional section of liie surface is 
undulating, not irregularly angular as across a moun- 
tain-chain. The amount of dislocation of necessity 
varies materially, whether produced by distance fit)m 
the principal point of disturbance, or by differences 
in the intensity of the force which has caused the 
faults. The dislocations are sometimes on so large 
a scale, that it is impossible to overlook them, while 
at others they are either so small or concealed by 
vegetation and detritus, that it requires much care 
and observation to ascertain their existence. The 
most favourable conditions for observation are where 
the rocks are either horizontal or inclined at small 
angles; the country well traversed by rivers, or cut by 
a coast line; and the rocks of such marked characters, 
that any change in the position that they would oc- 
cupy, if unbroken, is readily ascertained. 

In many hilly districts, a more modem rock over- 
laps others of greater antiquity than itself, and the 
valleys cutting through the upper into the lower 
strata, thus exposing the latter, seem merely, to the 
unpractised observer, the results of a scooping action 
of water, capable of removing solid matter to a suffi- 
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dent dep&. The ivhole has often the appeamnce of 
an undisturbed mass of a more modem deposit resting 
horizontally, or nearly so, on inferior strata, the latter 
being brought to light by denuding forces, acting in 
particular lines. The Black Down Hills, on the con- 
fines of Devon and Somerset, are highly illustrative 
of such deceptive s^pearances. When rapidly viewed, 
they seem to be composed of horizontal, or nearly 
horizontal, beds of green-sand, which cover either 
inferior oolite, lias, or red marl (for the two fonner 
fine off beneath the general green-sand area of these 
hills), here and there eoipporting a few patches of 
chalk. The appearance of the inferior rocks seems 
merely due to the relative depths of die various val- 
leys scooped out by the action of water. The section 
on the following page will, however, show that the 
rocks composing these hills have been fractured sub- 
sequently to their deposition, and that, as far as it 
extends, the valleys are lines of fault. These, though 
irregular in the small scale, have a general northerly 
direction when viewed relatively to the district in 
which they occur. 

The annexed section (fig. 34.) is made along a line 
extending from about S.W. to N.E., nearly at right 
angles to the greater part of the valleys comprised 
within it, and which happen to have such directions 
along this particular line. Of all those here exhi- 
bited, the Widworthy Valley shows the least disloca- 
tion, and' it is only by a very careful estimate of the 
relative heights of the green-sand on either side, with 
allowances for its inclination on the opposite hills, 
that we can feel assured that there is any fault. The 
rest require no explanation, except that at the fault 



ia6 



tab 






o 

O 

<J 

n 
o 

H 

» 
o 

CQ 



O 

O 

H 
O 
H 
CO 



I 



•a 



o 







k' 



3 

I 



I 



M 



i 
I 



2 

O 

I 



.: t,|i 



!i *: 



(d 



8 



Vol 



I 
I 



I 



I 

»4 



!i 



$ 



TAULTB ACROSS SUMXITB OV BILLS. 187 

in the Wambrook VaUey, where the lias abate against 
the green-sand, the former is bent and contorted near 
tile line of dislocation, in a far more remarkable man- 
ner thiEdi can be shown in the scale here adopted. 
This section is proportional, that is, the perpendicular 
heights and horizontal distances axe upon the same 
scale ; and hence the reader may form an idea of the 
real outline of that which would be generally consi- 
dered as a remarkably hilly country, one where the 
laraveUer would describe abrupt slopes, deep valleys 
and high hills, the summits of those here represented, 
varying from 500 to 600 feet above the level of the 
sea. 

That all fiEiults are not necessarily lines of valley 
must be well known to every practical geologist ; in- 
deed, In the section here given to illustrate the re- 
markable coincidence of the lines of several contiguous 
valleys with those of faults, it will be seen that there 
is no valley at the feiult near Widworthy, where chalk 
abuto against green-sand. If the sectional line had 
been made to pass somewhat more to the southward, 
the green-sand would appear suddenly to rise in a 
boss above the chalk. The Wambrook £Biult, also, in 
its course to the northward, runs across the summit 
of the high hill named Coombe Beacon, dividing it 
geologically into two masses, the western side being 
composed of green-sand, and the eastern of chalk, 
while the outline of the hill continues rounded and 
unbroken, as if no dislocating force had ever acted 
across the rocks of which it is formed. Coal-miners, 
to whom faulte are fBimiliar, know full well that val- 
leys do not always run in lines corresponding to them; 
even tfaos^ in which the heave is ascertained by the 
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-woridngs to be considerable, often give no indicadons 
of their presence by depressions on the surfoce. 

In thus showing that cracks or dislocations of strata 
frequently coincide with lines of valley, we merely 
intend to call attention to the numerous fractores 
upon which such lines, in undulating and hilly coun- 
tries, keep those of faults, without by any means in- 
ferring that valleys may not be frequently due to the 
erosive action of water on strata which have not been 
dislocated, at least in those particular lines. Let the 
movement of water which has cut out the solid mat- 
ter of the earth's surface into valleys, and transported 
the resulting detritus to places where its deposit has, 
geologically speaking, produced new rocks, be the 
effect of the greater or less intensity of any particu- 
lar force, or due to any particular cause, preexisting 
cracks and fissures, more especially if they were fresh, 
would offer the lines of least resistance to an aqueous 
abrading power. Whether, therefore, valleys be due 
to the long-continued action of running water, or to 
the cutting power of water moving with rapidity in 
greater masses, we should always expect to find, as 
we do find, a very great coincidence between the lines 
of fault and those of valleys. 
. When we attentively regard really proportional 
sections of hilly countries, tiiose in which the lines 
of surface are represented with a hk api»roach to ad* 
curacy, we find the depressions and elevations are 
generally so trifling, compared with the borizontd 
distances, that when we construct a model faithfiilty 
and proportionally representing the sur&ce of a coun* 
try which would be generally termed exceedingly 
hilly, such, for instance, as Devonshire, we can scarce* 
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ly believe that we have not undervalued the relative 
heights, so small do they appear. Hence we are apt 
to consider such a model inaccurate, though con«- 
structed with every care and attention even by our- 
selves; so little does it seem to accord with our ideas 
of the elevations and depressions in the country itself. 
No doubt, if we attentively considered the subject, 
and properly estimated the relative heights and di- 
stances, we should be ultimately convinced that the 
model in question was a real miniature representation 
of nature ; but all our previous ideas respecting the 
particular district having been formed witii reference 
to our own height as a standard, and generally view* 
ing the slopes of lulls in such directions that they 
appear far more steep than they really are, there is 
greater difficulty in properly estimating the propor- 
tional undulations of a hUly country, than those who 
have never seen a true model of one would easily 
credit. 

It has sometimes been supposed that existing ma- 
rine currents or streams of tide are sufficient to cut 
out similar valleys. When, however, we turn our 
attention to what is now going on in situations most 
favourable to the cutting powers of tides or currents, 
namely, around coasts, where their velocities would 
be greatest, we do not appear to discover any facts 
to warrant such a conclusion ; neither does it appear 
possible for the force of any existing marine current 
to produce the effects observed. The soundings round 
coasts present us with no lines which we might con- 
sider to be those of valleys, but with extensive areas, 
which would, if raised above the level of the sea, form 
great plains, with here and there some minor eleva- 
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tions and deeper depressions, the latter generally in 
■the form of basins. There are, indeed, some long 
-trough-like cavities in the North Seas, named liie 
Silver Pits, but they present us with nothing like a 
siyBtem of valleys resembling those on dry land*. If 
the British Islands were elevated one hundred fathoms 
above the level of the ocean, and thus joined to the 
continent of Europe, they would be surrounded by 
an extensive area of flat land ; for the fall from the 
coasts to the new sea*coast would be generally so 
gradual as to present to the eye one great plain. 

The map opposite will show the relative amount 
of area which would become dry land by this com- 
paratively small amount of change in the levels of sea 
and land. The unshaded parts constitute the present 
dry land, the lightly shaded portions the area which 



* I am indebted to Captain Hewett, R.N., whose beautiful 
eharti of the North Sea, not yet published, so well exhibit the 
forms of these singular lines of pits or troughs, for information 
which leads me to suspect that the Silver Pits are cracks or fis* 
sures resembling those termed valleys of elevation. At a general 
iaci, the bottom rises on either side to the edges of the pit, where 
it suddenly descends from the depth of a few fathoms to 40 or 50 
fathoms, the interior escarpments being very steep. In one place 
there is a rise of land in the central part of the trough, so that a 
section of the Silver Pits in their deepest parts would give an 
outline exceedingly like those of valleys of elevation, so well 
known to geologists, and produced by an upward break or crack 
often on the top of a great bend of strata. There is a curious 
line of bank between the Silver Pits and other lines of bank, pa- 
lallel to themselves and the first line, on the S.E. of them, the 
whole having much the appearance of being the result of some 
disrupting and elevating force acting in a line somewhat N.W. 
and S.E. 

The reader will not fail to observe, in thie opposite plate, the 
general S.W. and N.E. line on the western edge of the hundred- 
fathom line, coinciding with the general range of the older strata 
in many parts of our islands. 
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would be raised from die bottom of the present sea 
into the atmosphere, and the darker parts the portion 
that -would still be covered by the waters of the ocean. 
The reader may judge of the extent of this land, thus 
brought above the level of the sea, by comparing it 
with the annexed square (fig. 35.)> which represents 

Fig. 85. 

n 

an area of 1000 square miles upon the same scale. 
Throughout the whole of the former soundings, thus 
. raised above the sea, there would be no system of hills 
and valleys corresponding with those on the previ- 
ously dry land. There would be elevations and de- 
pressions corresponding with various sand-banks, and 
some pits or hollows ; but when we construct pro- 
portional sections of the general surface, even on a 
large scale, we find that these inequalities are gene- 
rally trifling, with the exception of the Silver Pits 
above mentioned, though, from the necessary notice 
taken of them in charts, we may attribute an impoit- 
. ance to them which they do not possess. It may here 
be observed, that if, instead of taking the line of one 
, hundred fathoms, we had selected that of two hun- 
.dred ^Bithoms, the amount of area in that case added 
would be relatively inconsiderable, as the latter line 
is not far outride the former. Thus, after keeping a 
sur£Eu:e which would in general terms be called a 
great tract of plain, the area under consideration, 
bounded on the W. and N.W. by a line including 
.the British Islands, and passing round them from the 
coast of Fn^ce to that of Norway, would terminate 
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seaward by a slope, sinking in a comparatiTely n^ 
manner into deep waters 

Now all this extensive area, within tibie line of oae 
hundred fathoms, is placed under conditions higUy 
feLVourahle to the production of valleys by. the erosive 
action of streams of tides and currents, if the latter 
could produce the effects required; for the depth 
being inconsiderable,- the bottom is more readily 
brought within their influence, without taking into 
account the increased velocities of each produced by 
coasts or banks. The action of the waves would cer- 
tainly tend to equalize disturbed matter, particularly 
at moderate depths, and would thus constitute an 
antagonist force to the erosive action of streams of 
tides or currents : but this only shows that the con- 
ditions are unfavourable to the production of valleys 
by such means. It will, we conceive, be readily ad- 
mitted that the deeper the water the less the power 
of streams of tide or currents to act on the bottom; 
therefore we may fairly conclude that neither in deep 
nor shallow water could valleys be produced, resem- 
bling those observable in hilly countries, by streams 
of tides or currents possessing no greater velocity thui 
those known to us. 

When we study the soundingps along a coast lioe, 
we find that the valleys on dry land are lurely con- 
tinued under the seas, imless in situations where 
mountains plunge suddenly into the water. In ge- 
neral, lines of valley terminate abruptly when they 
meet the sea, as should happen when coasts are cut 
back ; for the tendency of the waves and streams of 
tide in such situations is to level inequalities, and 
produce a slightly inclined plane surface. The same 
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flB^'great extent; aDd«l80iwiiere vdUeys are ocmtiiiiMd 
from the l&xid under the eea, though l^ey ivould not 
%e^apparent until after a long lapse of tinte, one da* 
^md^g on the depth of waller ontheoneilnnd, «nd 
the-amomtt of detritoa oarried round the coast and 
distributed by tloB action of tides, currents «nd wwmi 
nm. iifa€ other. 

f*he island of Ooisioa may be taken in illuBtrotion 

botii'C^f sub-manne valleys "and' of flat bottoms near 

AMu$t8,>ob8ennBiblean a comparatively moderate area, 

and is 'the more striking because the great distrtbu- 

txsag power of tides in «uch ^situations is wanting. 

ll>n the west coast the land plunges suddenly into the 

sea, and the valleys are continued beneath it, present* 

ing numerous inkts where the level of the sea meets 

^ inoiined bottom ctf the valley. Soundings appear 

to show that the detritus borne down these valleys, 

or derived from tiie coast itself by the action of the 

waves, is accumulated beneath, and that there is a 

tendency to M up the sub-marine valleys by tins 

transported matter. If 'Corsica had been situated in 

asea where tides and currents swept round the island, 

the 'SBing up of the sub-marine valleys would have 

been more perfect, and the resulting deposits more 

horizontal. On the east coast of the same island the 

riiopes are moderate, and the bottom of the sea on 

tiiat side presents a more even surfiice, while the 

cow^t'tine itself is not broken into those irregularities 

80 common on the western side. Detrital matter is 

moreover now forced on this shore by the action of 

tiie waves, forming lines of beach, which produce 

kkes behind them, such tus iiiose at Bigu^a, Ur- 
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hiao, &c. On this side we do not discover sub-xAa* 
noB valleys. It will readily be seen that the suIh 
owurine valleys are merely the contiimatioii of those 
on the adjoining dry land ; they, consequently^ have 
not been produced by the erosive action of the sea 
upon them : so far is this from being the case^ that 
where the action of the sea can produce any ap* 
preciable effect, inequalities are levelled. It will be 
obvious that the waters rushing down the inclined 
valleys of the western coast would lose their veloci- 
ties, and, consequently, their transporting powers, 
when they entered the sea; so that far from pro- 
ducing a scooping effect on the sub-marine valleys, 
their action would tend to fill them up, by carrying 
detritus into them. 

The sub-marine valleys observable off the steep 
coasts of a tideless sea, such as the Mediterranean 
may be termed when such subjects as these are con- 
sidered, could not have been produced in the sea it- 
self ; they must have been fonned by the same causes 
to which their continued higher or Srub-aerial portions 
are also due. If the whole has been raised from be- 
neath the sea, we do not perceive how the valleys were 
originally produced, at least by any scooping powers 
similar to those now existing in the Mediterranean ; 
they may, however, have been formed in the atmo* 
sphere, and have been subsequently depressed beneath 
the sea. So far from sub-marine valleys along lines of 
coast exposed to tides and currents being more favour- 
ably situated for erosion than those observable in tide- 
less, or nearly tideless, seas, they would have a ten- 
dency, all other things being equal, to be sooner filled 
jip, and a plane surface the result, the transporting 
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power of the tides or currents being the principal agent 
by which detritus would be brought to the required 
ntoations. With regard to all the sub-marine valleyt 
yet noticed, and observable off mountainous or steep 
coasts* such valleys are mere continuations of thoscr 
on the land, and hence must have been formed by 
the same general causes, and those causes not the 
tides and currents now existing in the same localities* 
These do not erode the surface beneath them in a si** 
milar manner^ but, on the contrary, produce tracts of 
nearly level matter, such as occur extensively off some 
coasts, and which, if elevated above the level of th^ 
sea, would form broad tracts of land* with a surface 
sufficiently flat to be termed plains. 

If actual streams of tide and marine currents pos* 
sessed sufficient cutting power, and, consequently, 
sufficient velocity, to produce valleys, such as we ob* 
serve in most hilly countries, we do not see how those 
fish which are found round most coasts could exist : 
the water would be charged with detritus, amid which 
they would be hurried away, or forced to use extra- 
ordinary exertions to r.etain their places. They might 
indeed avail themselves of eddies; but they would 
there be mixed up with the transported detritus, 
tending to come to rest in such places, so that their 
actual habits and those under such conditions would 
be widely different. If actual streams of tide and 
marine currents cut out valleys, we can scarcely see 
how molluscous creatures could survive ; for the ve^ 
Jocity required to remove hard solid rocks would not 
permit mud, sand and grave}, the retreats of many of 
these creatures, to remain ; they could only exist in 
a few &vourabIe situatipQS^ The formation of yt^ 

o2 



1p^, sisilkir'to ftui;h «i we obseanre in Uifycomitaes, 
bjrithe %ro(dVe a^tUm of actual fltreatixB of tides er 
ttttrkifc eurrMitis, k m> apposed to observed iaots, «nd 
in)«{kl be pfodttietite of «uch ^ximeqaenoes, Uittt tre 
fits iftbm^wfaflt at a lota to conceive how mtk an ^Ity* 
^dtheiMB ^i]dd Imme <aig^!iated. 

Asutreanibiof tide imd nutrine 4mtv«titB, -such as we 
ifM" observe, «^peAr inoapable of j^odtidng those 
s5r)iftm« toi mSkff% so 'cotssdonly obdervaMe on dry 
hM, weiseefift compelled, in bur endeevonrs to ex- 
plil&i "the <phnnomena bbse^ed, to hwe reoonrse ^* 
IkHr %6 %he Icmg-idOntintied and elKMSive action of tar* 
fcifits, vifeiiB and *niindr streams of Water, or tainaasea 
of water thrown into violent adtionntA movmg with 
cis^id^^rtibte velocity. When we attentively concoder 
th^ syifteiEto 6f veMitye in a hilly cOunt^yr, one in which 
se^^isil varieties of rock occnr, as very frequeritly hap- 
pens. We And, viewing the subject generally, thelt hard 
tbcks 'aire rounded -as well as those we should consider 
more oasily dittntegrated. We are therefore led to 
consider Ibat 4here may have been some decomposi- 
tidh'of the rocks acted on, which should, to a certain 
extent, tender them all more equally removable by 
moving vmt/eir. As far as our knowledge extends, 
tocks ^tuated beneath the sea are not subjected to 
anch general decomposing conditions as those exposed 
to the variaibte action of the atmosphere. The atmo- 
ttpheiic air coii^ned in waters, to at least certain 
depths, would-nadoubt furnish oxygen fot the produc- 
^lion of oxictes, some of which might raider a rock more 
easily acted on hy moving water ; yet decomposition, 
^oduced byatmbspheric influences, wotdd, we should 
wppose» b%ititTiBaP^ eonsid^nable-in a ^en time. 
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Tkoie m9 few uockw ^cpocMd t» lAat^ hr^ tiMtt 
tamed iDtet^oBiQ iBflneBoee, or tlM>. generilactMtef 
atooepheni; otuflea, whioh luiare not differed deeonr 
posiliQttr Ii9 gretter or le9» deptfiA*. Ifl^wiMrilibTeigr 
mmHEkabk^ ao: ihut there i& a dlffieal^' ia pBocnriag 
poctionBol such rockB Ion eooBoauDal puttpoeea* e» 
e^ at coxundeitable daptJifl* lihoM on the aniAusf 
mnalj splkting into fijagmcnta^ even thoi^h' appar 
ftnUy solid when irst zemoyed from tibe <pianga 
When deep outs are raade beneatit the snrfiice of 
IuHb, foff new Mnea of load- or othes pitf]K)sea» ezceilBnt 
opportunities are afforded fos studying this decom- 
position, which is frequently seen to he irreg^ar, as 
in the sec^n beneath (fig. d6.)> one not luicommon 

Fig. 36. 




b 

in some of the deep cuts for new roads among the 
argillaceous slates of Devon. The darker sha4ed 
portioi^ a a forms the continuation of the lamii;Lae of 
slates, represented in the lighter portion b. b, the un* 
even intermediate line being generally well shown 
from the iron in the upper portion having been oxi- 
dized to a greater extent than that in the lower part, 
so that the upper portion is brown, or reddish brown,^ 
while the under retains its original grey tint. 

When we attentively regard the manner in which 
river? or torrents act upon the surface of ^ hi) 

^ Geological Maaual, p. 4& 
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^ountiy, we observe that while much matter is re* 
moved by them, the resulting surface is not rounded, 
though minor little streamlets, often very destructiTe, 
may cut more or less deeply, and thus by their num- 
|>ers and united action produce a smoother general 
surface than would be afforded by the erosive action 
of torrents or rivers alone. It will be seen that these 
lines of running water, by whatever names they may 
be designated, have a tendency to cut perpendicularly 
downwards, leaving steep or perpendicular walls on 
sither side. If bb (fig. 87.) represent the continuous 

Fig. 97. 

b dad b 




suriiAce of land, the action of a river would, if it could 
cut into the rock beneath, produce a ravine bounded 
on either side by steep or perpendicular clifis. As 
these effects would not resemble the undulating sur-« 
face of a liilly country, and as the river would tend, 
if levels were favourable, still to cut down perpendi- 
cularly, we have next to inquire how far the decom- 
posing action of the atmosphere may assist in pro- 
ducing the forms required. There would no doubt 
he a tendency in the summits of the clif!^, d d,tQ 
crumble and fall into the ravine (a) beneath, where 
the river would as constantly endeavour to remove 
the fragments thus thrown into it. Whether it could, 
or could not, remove all the fragments would depend 
lipon its velocity ; but in either case we might obtain 
elopes on both sides, if time sufficient were allowed. 
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We will here suppose the most hmmiMe state of 
things, and that the river could carry away the hHHeia 
fragments, and that in consequence it ceased to out 
perpendicularly to any perceptihle extent, its force 
bdag employed in removing the new obstacles op* 
posed to its passage. We might thus eventually ob« 
tun the slopes c b, c b, (fig. 37.) from the united 
action of gravity and atmospheric influences. As- 
suming that the slope thus obtained may be so smooth 
that, when ultimately covered with vegetation, no 
very striking unevenness should be apparent, we have 
next to discover the extent to which this sloping pro- 
cess may be carried so as to resemble the sides of hills 
in such districts as those under consideration. When 
the angle of inclination became = 45^, there would 
be a tendency of the fragments to retain their places 
from the support a£Forded to each other ; so that fur- 
ther degradation would be principally due to decom- 
position, and removal by running water, the friction 
of the latter, particularly when charged with detritus* 
also producing its destructive effects. We should now 
obtain furrows and other inequalities from the cutting 
action of the streamlets, and there would be no smooth 
surface, if the slope became covered by vegetation, as 
we should from all analogy expect it to be. If it were 
not so covered, there might be much crossing of small 
streamlets or riUs of water, and a moderately uniform 
irarfEuse the result. 

Having arrived at this point, there is considerable 
difficulty in seeing how the slopes of the hills should 
become so gradual, from a repetition of such causes, 
as to produce the present appearances in a hilly 
country. There is generally a small dq)th of de« 
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tfeitil matter abeive the' fim^amtiilad cook on cil&eT 
akKe of the vaileya^ mifli a kigeranoutttaf tk9 nuuM 
matter at the bottom ; Imt this, supeifibial dtttrites is 
so- iar from veceiidiig additoms by tie psesent aetna 
of atmoB|iheria*Gattaea>.^^^iiich3 oBght» aKreo0dag"t9 Aia 
hypotheaia tor be-oidy arepetitioa of tint to w)iidt>tiia 
taUfiys tbemaelvea are dse, tiiat gnlieya -wSAi steep m 
pefpendicukr 8idea< asa cut through thia upper «hetfei- 
taa, and the riveta in tiie bettomv a# tlie inlleya aia9 
cut into it. We thus vpp&mt to asise at the- oonda- 
■OB, that though vaileya may be fbnned after a great 
lapae- of time by the aatiDn.ef ronBing watera on ttnea 
of fifisurea or depreaaions^ we do not e^ssntnaliy obtaiB 
auch. coiaparatively ^ntie atepsa as acs common in 
MUy eomntries.. 

We ahoulde not here ne^ectthe ftoat, often inaiatad 
on, that the windiaga:< of rivers^ in 'valieya, and thetf 
fimpient changes of course,, would cause levelling efl 
faata. Undoubtedly the flatter the: anr&ce the mora 
ivegnlar tike windings of a. nver^ all otbur tiiinga 
being equal. Hence it marf be said tiiat tile aevpen- 
tine windings would become less,, the. deeper the rimer 
eat into the valleys; so that these wncdd be* no* neee»- 
aity for aapposing the liyasv- when they fiist acted en 
Itpes of valley,, to* have been ftar greater than at pre^ 
sent, and that they have siace dwioiUed down to tihoea 
we now aee. The latter is an hypothesis- which- wooM 
imply not only vast bodies of water riMhiag dbwn wiUl 
anffieient force to ezcasaite vaOeysv but su^h. an abnn- 
danee of rain to supply the rivers> that tiie amount of 
tiiat wfaick now falls in the tropics would bis a mere 
trifla when eoaspazed with it. The winding of rfverA 
aaay have had aa iaflaence, and thougb probacy not 



U th« extent supposed, yet jHEoduetive of effeets wkMb 
might afford assistance in explaining certain apj^esih 
MBesrin l]»»d sbaUow vaUtys. 

We haxre UiheitQ eoasidewd tiie rivers to possess 
ft saffifliefit body o£ water, and; to move with coosih 
dsEBhifi vdbaity, so that they may be aUe to cut dsof 
mto the land, and produce the eUffis whieh by Ihm 
disintsgiation should afford slopes. It is only neeesn 
SMry to traverse any moderate amount of hilly eouiM«|t 
to see that the waters now flowing in them, even wHh 
evecy aUowanoe few fiieshAS or floods, would be unaUa 
to produee the- ^ects nequired. In many valleys te 
dnunage waters are mere rills, and can. never list 
into impedance, ev&i in floods* In otheis thsM 
are no suaaing waters, as may readily be seen in v«^ 
nous pacts, of our own country, the water demed 
hoBk the atmosphere . being readily absorbed by tba 
loeks beneath^ either fiDom their being pcHrousw er 
&QQL the .edg^ of their lamiaai or strata* as the; ease 
may be, sufficiently approaching a perpendieidar pe** 
sitioQ. 

Whittle from a. ktf^ isolated point wo cast our syes 
over & Goasiderable oxtenyt of hilly country, or visvw 
a covrect representatioBL o£ that country either ijs a 
model or a map, wo are led to* ccmsider the uiequalt^ 
ties belore us as the effects oi several causes, not the 
result of one alone. The drainage waters find th^ 
way by numerous channels to the pnneipal rivers* 
uniting into various little systems of minor streamy 
before they accomplish this end. Here and there 
little flats show that water has been arrested by bar«> 
riers beyond them, and that the lakes thus produced 
have checked the velocities of the descending wattrs. 
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io that detritus has been deposited, and the basin 
filled Tip*. 

When we now reflect that, in all probabiHty, liie 
land we contemplate is traversed by fissures in various 
directions, some occasionally predominating more liiaii 
Others, we are led to inquire if all this dislocation of 
Strata would not produce motion in the waters of 
a sea, if the rocks so fractured were broken up be- 
neath it. When modem earthquakes are violent, 
great waves are driven on the land, where they often 
•weep all before them. We may therefore fairly 
infer that greater intensities of force would produce 
greater waves, while the motion caused in the water 
over the dislocations, supposing such to be formed, 
would tend to remove th^ fragments produced. The 
waves no doubt would act powerfully where they 
1m>ke, and tend to scoop out the broken portions of 
faults or fissures ; but we can scarcely obtain in this 
manner, or by the action of violently agitated water 
above lines of dislocations, such valleys as those ob- 
servable in a hilly country. When we call in the aid 
^f large masses of water moving witii great velocity 
%>ver rocks fractured and upturned in various man* 
liars, we certainly seem to attain a force capable of 
producing that general rounded character so remark- 
able in hilly land. The more sudden the rush of 
'water, and the greater the volume, the more power- 
ful would be the grinding and rounding action on the 
projecting points. 

* In such a country the drainage is generally perfect, lakei 
being commonly found among, or on the skirts of, mountain 
ranges, or in extensive planes, so that great length of time is a> 
least one of the causes which has produced the effects we shouldi 
in this case, see before us. 
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If we suppose such a movmg mass of water to tra- 
verse land furrowed into preexisting valleys, the sur- 
&ce of which had been previously long exposed to 
the disintegrating powers of the atmosphere, we seem 
Ukely to obtain effects more corresponding with the 
fiacts observed, than if it rushed over land not so cir* 
eumstanced. It has been above observed that hills 
and valleys, affording an undulating outline, are found 
tA well among hard as among softer rocks. Now there 
appears a difficulty in obtaining similar valleys in 
rocks differing so much in their resisting powers to 
moving water, either by rivers acting on fissures, by 
sudden rushes of water or dislocations, or by their 
combined action, though much might be accomplished 
in the latter case. When, however, we add the de- 
composition and disintegration of rocks from meteoric 
influences, we seem in a great degree to remove the 
difficulties ; for many rocks, such as certain granites* 
trappean rocks and limestones, which, when not dis- 
integrated or decomposed, powerfully resist the action 
of moving water, would readily give way if reduced 
to fragments or soft yielding substances, as frequently 
happens by the action of the atmosphere upon them. 
Indeed they would frequently be the rocks most easUy 
removed by the sudden rush of a great body of water^ 

The strata of a hilly country are often as broken, 
contorted, and heaved out of their places, though not 
to the same amount, as in mountain-chains. The 
angular outline of a system of mountains is, however, 
80 different from the undulating wavy line of a hilly 
country, that we are led to suppose some cause to 
have acted on the one which has not acted on th^ 
other, or having done so, has not produced the samsf 



Itet; n^awo wppow w«tex tp bajvenuhad Qv;er bad 
ift lai^ vamsm^ we Q»Uk in the aid, of aomo foroe «lmoik 
pneUniAtvMMk aoout tsemaadQUft catMtrophfi^ difficoh 
lai c(HiM^ix«^ If,,]tfN¥Qvei^ we lofik at the o^uaea whieb 
nuigr prMhiQfr.gr^iAfc debaolee or deluges a litd^ mm 
eOitibe iMTge-aealiiiit wfltaballifiod thut aucb effiectv^an 

Baitiwy^ntoWfc. vtoeb». fe«» tha> cffteat q{ the aneaa 
9)iakw>>1^3Fth«n>9t tha oaiws tii^A. e^eiA a mo di fi rat ioa 
w leaa ifltenaeaetJA^ ^1 1^ seme foce tltfiA ]^ 
1^ tog}» mtQ ixB^^pmU^oi yfwngixit^ ofs^, cauae, by the 
vUMatiAa ^pnmueioaledi U^ the ^Katj^ra^ gfi the ocean. 
w«ree.e£yaneua heighjta to mah H^on the land. The 
Tihratif9^ o{ the see. pcodneed. by the great Liaboii 
eei:thfiiak^: of \t^ ti»^^ 9» we^e si^ty feet high, on 
Aft ooeat ef Gada^ a«id one eighteeo. feet ifi hdgbt on 
the i^teed of Madeina* The acea a^^ted. by thia 
eai!tbyAeke eompiieea a large poqrtioix of the northern 
hemiepheve,. yet oo yesy g??eat amount of dislocatLag 
^h^ waa obaecved, at, least nothiog Uke the prpn 
4<ifitvMiQfaiUQeQ£eleTatedlaiid. Wemayhen^^eforB^ 
Qcnae idea of the. effect^ -wh^oik "v^oM he produced il 
a }k». ef wpuojtaiaa on^ hw^dred imlea lP9g^ and not 
ebeive tw^o'ev three thouea«d feet high^ were sudde^ 
tknietup^hesecktbthewateraof thesea. ThevibraAi^ms 
pcQidiieed i« the swperi&ciuabeoit fluid w^vld be fco^^ 
fMrtionatty 0Feait« awi the wa^a/s vuehing ovei; ahaUe wa 
eodlQ.«)cMauda(K)W#ei:«itiiirelye]»<)rmQ*^ Uthoeevh(» 
^na^der eueb ai^ iupxia^of momitauu at giea.t e^ectioa 
of force diffieidt of eoaoeptioagk, ^ere to tsj^e a coramoiv 
globe*, about a {^pt uk ^ajuet^, in theii? haBda* and; 
tbai^ estate, liba. piQportiQqri Iffi^gth 9f t}ie. csafik^ 
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and the relative elevation necessary to produce not 
only this but far greater effects of a similar kind, they 
would probably cease to regard them as at all won- 
derful. Whether we stq>p08e molmtain ranges to be 
produced by the squeezing of the sides of fissures 
agfdnst each othet, (^ by the itttmsion of igneous 
fimtler, such «h'^e¥&tionafl1&at<n0lroed4ib0Veiv«nild 
be inconsiderable ^n^ien viewed '^wHh rdfeyenoe >eitiier 
to the mass or superficies (tf^^e(BGr&. 



2D6 VAULTS. 



CHAPTER X. 

Faults, as dislocations of strata ^ are commonly 
termed, being mere fissures, the sides of which have 
been more or less moved, are necessarily exceedingly 
variable with regard to their appearances. The walk 
or sides of a fault are sometimes so close, that there 
is a difficulty in introducing a smaU wedge into the 
fissures, while at others they are broad and filled with 
rubbish, generally fragments of the rock on either 
side; and when these are formed of various beds, such 
faults may contain broken portions of them. We 
cannot conceive a fracture of rocks perfectly smooth, 
on the contrary we should expect it to be uneven ; 
and therefore, when the sides of a fault are found to 
be tolerably smooth, we should infer that the rubbing 
or grating of the sides against each had caused such 
appearances. Now when we attentively examine the 
sides of such faults, we very generally discover a polish 
and striated marks, indicative of pressure and motion, 
precisely as we should expect if they had been com- 
pelled to rub against each other with great force. 
These appearances are often seen in metalliferous 
veins, and are then known by the name of slickensides. 
There appears, however, to be little essential difference 
between slickensides, which are either smooth metallic 
coatings or the polished surfaces of a mass of metal, 
and the polished sides of faults. Striated parts are 
common in both, and it not unfrequently happens 
that in some metalliferous veins and common fiuilts 
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dtere are firagmentB of rock jammed in between the 
■ides of llie vein or fault, which appear to have been 
squeezed and polished in those positions. 

It mast Deceaanrily happen, from the unequal £rac- 
tore (tf rocks producing a. &nlt, that the motion ctf the 
sides will bring some portions into contact while othen 
will have spaces between them. Let the annexed dim- 
gram (fig. 38.) represent a horizontal section of a foult : 

Rg. 38. 



the side a being slightly moved to the left, b remain* 
ing firm, we have portions touching while others are 
distant. Now such appearances are common, and lits 
analogy between them and metalliferous veine highly 
interesting. The thinning and thickening of such 
veins may be easily illustrated, if the reader will take 
apieceof writing-paper.divideit into two by a waving 
line, then place it upon a piece of gilt paper, and slide 
one portion of the divided paper so that the waving 
lines of the edges do not coincide, and he will perceive 
the gilt paper between the interstices, resembling a 
metalliferous vein, running with unequal tliickhess, 
through the upper paper. This process has been 
adopted in the drawing for the above wood-cut, wtiite 
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filMr iMMdng been dhdded and movediimfa Uaek wr* 
fine** it will be obvious tiii^« veiymodemte motion, 
either lateral- or .perpendtoilar, car one compoiHied itf 
botii, would cause auoh ap pw a r a ncw «b these, wbidi 
«fe eommonly obsmrvabk ia wirtnHr i fa p p Ba vBtns, osi 
n 4hoee iaiihs where the labkroxBtif obudi veaader tiieiB 
Iwtter understood than 'tiiey can be byuntaral aectioiB 
at'oampomtiTely distaal; phiees. 

In thus endeavouring to explain the uneven cha- 
racter of the sides of.feuilts, we must not suppose that 
if again brought to those relative situations where 
they occurred prior to the fracture they would ex- 
actly coincide. The greater the friction produced by 
lateral pressure, or the amount of iiorizontal or vertical 
movement, the more would the projecting portions of 
each side be rubbed down, so that we should expect 
greater inregularities invthe walls of a fault,- and con* 
sequently in the matter • contained between them, 
when the dislocating movement had *been small or 
nodemte. 

•lines of fttult aare commonly described as -straight, 
«ir nearly so, and eertaiidy some do keep remarkably 
straight courses for-considemble distances if meaamned 
byyards or fathoms ; but they more frequently run in 
m waved or irregularly broken manner, precisely m 
•we -should expect would be the case with fxactuits. 

* A still more illustrative mode of exhibiting the form of mat- 
ter*required to fill up the intentices of b fault with imgulsr 
tides, is by procuring an uneven fracture of a mass of pUster of 
Paris, sliding one of the surfaces upon the other so that numerovs 
interstices occur, and then cast lead into the cavity, Imving 
walled up the sides to prevent the escape of the liquid -metaL 
By cutting the resulting piece of lead in various directions, we 
obtain sections strongly reminding us of the Observed inequalities 
in metaliiferous veins. 
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Though maiij keisp a remadEsUy general oonats, 
often parallel or nearly so tQ etch otheri vlien viewed 
irith reference to a large araa, the smaller parte ot 
Bodi coiines are often yery irregular. We may ilhia- 
tate.thia by the following diagram (fig. 8d.)> repre« 
lentingafault, on the north of Weymouth» traced with 
iQuch care for about thirteen miles, and laid down on 
the Ordnance map of the district* by Professor Bttck«> 
land and the author*. 

Fig. 39. 




It will be observed that though the fault may be 
described as ranging, taken as a whole, in an east 
and west line, the minor parts vary, as nught be ex* 
pected, in their lines of direction. We should anti« 
cipate that similar facts would be observable in moun- 
tain-chains ; vi^th this only difference, that in lines of 
great fracture the length of the minor irregular por* 
tions would often be considerable, though still short 
when compared with the whole length of the chain. 
Hence instead of regarding the irregularities of strike 
or direction in the rocks of a mountain range as 
proofs that no general line of contemporaneous ele- 
vation prevails, we should take the general bearing 
of the whole, precisely as we do that of a fault, care- 
fully estimating, without bias, or determination to 
find things as we suppose they must be from precon- 
ceived opinions, how much dislocation may have been 

* See Geological Transactions, 2nd series, voL !▼. 

P 
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prodttced at one epoch, and how much at others, 
should there be evidence, which there frequently is, 
of more great dislocations than one. 
• Faults sometimes divide into two or more lines, 
precisely as we should expect fractures to do ; and 
when this happens, we frequently find the lines of 
dislocation approaching their termination. The sides 
of a frtult occasionally exhibit flexures, showing that 
the rocks were to a certain extent jn a yielding state, 
and that there has been pressure. As these contor- 
tions are not always in lines parallel to that of dislo- 
cation, though the doubling up of strata would neces- 
sarily take place most frequently in such lines, (from 
the manner in which the pressure was applied,) the 
various twists and flexures are sometimes cut by the 
general horizontal level in such a manner as to ex- 
hibit curved lines, illustrative of those greater curva* 
tures and circular arrangements of strata described 
as circuses or circular vaUeys of elevation. These 
circuses or amphitheatres, in which a range of ele« 
vated land, composed of some one kind of rock, passes 
in a circular manner round a depression, "^th some- 
times a central boss or elevation of land, may occa* 
sionally be seen well illustrated at the termination x)f 
small faults in nearly horizontal rocks, composed of 
unequally indurated strata, such as the lias, and laid 
bare by tides or other causes. 
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Fig. 40. 




The above diagram will convey an idea of one of 
these small faults, a, which terminates at a boss, b, 
resulting from the flexure round the end of the crack 
or dislocation. This curvature being denuded hori- 
zontally aj6Pbrds the circular line, ccc, upon the same 
principle that a piece of mammellated malachite, sta- 
lactite, or similarly arranged substance, would, when 
cut in particular planes, present a series of concentric 
circles. If now a softer rock exist between the outer 
part, c c c, and the central boss b, such as a marl or 
shale bed between two strata of lias limestone, and 
moving water act upon the whole, we obtain a cen- 
tral elevation, a kind of circular valley, surrounded 
on the outer side by an escarpment of hard rock. It 
.will readily strike those who have observed such cir- 
cuses, or circular valleys of elevation, on the large 
scale in nature, that the miniature representation of 
them observable at the termination of a. small fiault 
is in principle the same in all. The outlets are gene- 
rally also through a ravine or gorge, the part where 
the contortion or flexure becomes a crack. A section 
jBcross such circular arrangements of beds, whether 
on the great or small scale, would only differ in mag- 

p 2 
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nitode, the general features being nnukr*. When 
we consider how oompletely accidental the form of 
any particular contortion may be, we are not surprised 
at the various figures presented by valleys or amphi- 
theatres of elevation, which are merely contortioDB 
or fractures cut by the general horizontal plane of dry 
land, and exposed to the various denuding changes 
to which that particular part of the earth has been 
subjected, since the necessary force produced the ori- 
ginal fracture or contortion. 

It will readily strike the reader, that these amphi- 
theatres or circular vaUeys of elevaticm merely require 
the ejection of volcanic matter through them to be- 
come the much-disputed craters of elevation. U, 
upon the principle exhibited in fig. 40., volcanic 
rocks, such as large horizontal accumulations of ba- 
salt, trachyte, volcanic conglomerates, or other sub- 
stances of the like kind, were forced up in a circular 
manner, we should have a crater of elevation. It 
merely requires a volcano to play through the centcal 
paft of the circle to produce all required by Yon 
Buch's theory of the craters of elevation. A» it 
appears very difficult to thrust a horizontal mass of 
rocks upwards, particularly if there be a point ouire 
powerfully acted on than others, without producing 
corresponding points of greater elevation than the 
rest, or finacture of such points into crateriform cavi- 
ties, it seems somewhat surprising that craters of 



* The fltndy of small dislocations in various rocks laid bare 
horizontally for some distance by low tides, more particularly if 
they be composed, like the lias, of beds unequally indurated, 
afibrds abundant information respecting the greater dislocations 
observable on the earth's sur&ce. 
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devation liave been doubted. When ^^ find sificeont 
flandstones ciured and twisted in every possible di- 
rection, as we frequently see them, we infer that the 
particles composing them have had the power so to 
move among eaoh other, that a comparatively soft 
and yielding state has been produced. Without this 
yielding condition, the contortions could not have 
been effected. We are, therefore, not surprised to 
find those simple and larger curvatures of sandstones, 
dates, limestones, and other stratified rocks, which, 
when denuded in a horizontal plane, constitute great 
curved or circular lines of strata. Why it should be 
considered extraordinary that great tabular masses of 
basalt, trachyte, or rocks of that character, should 
yield, or become soft, when their composition is more 
&vourable for such a condition than that of the sand* 
stones, does not appear very clear. 

If an elevating force act beneath a tabular mass, 
whether of the common fossiliferous rocks, or basalt 
and trax^hyte, and either a part of the mass be less 
resisting than others, or the force act with greater 
intensity in one place than in another, a protrusion, 
or somewhat circular fracture, would, we should con* 
sider, be the result; one that can scarcely be consi- 
dered extraordinary ; but, on the contrary, one that 
it would be more extraordinary not to find. Among 
the contCMTtions and fractures of mountain-chains, and 
disturbed countries generally, there is no want of 
strata so circumstanced that if volcanic matter pierced 
the central parts of the area, they would ];eadily be 
termed craters of elevation. The most beautiful ex- 
ample yet noticed in the British Islands, of strata so 
arranged, is that lately discovered by Mr. Murchison, 
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in the gmuwadce series^ at Woolfaope in Herefoid^ 
shire*. 

It sometimes happens that the side of a fault toned 
upwards by pressure, is not that which we should ex-< 
pect to have been so circumstanced. The following 

Fig. 41. 








example is not selected because it is one readily seen 
in the country, for it requires some attention to be 
certain of the facts, but because it is a larger view of 
the Wambrook fault, figured p. 186, and there shown 
to be one of a system of faults. Among the faults 
on sea-coasts better examples may be found, because 
the facts are there seen at a glance, as if in a picture. 
By means of the fault, /, in the Wambrook valley, a, 
lias, e, on the west, is brought into contact with green 
sand, c, on the east, covered by chalk, h, and once con- 
stituting a continuous portion of the green sand, <f, on 
the west. Now, if a simple dislocating force either 
produced the mere subsidence of the mass on the east, 
or the elevation of that on the west, the ends of the 
lias strata ought to be turned downwards instead of 
upwards as they now are, supposing the necessary fric- 
tion. Either, therefore, there has been great lateral 

* A figure of this valley or amphitheatre of elevation wiU pro- 
bably appear in this genUemah's work on the upper grauwacke 
series of Wales and neighbouring parts of England, and OD the 
geological structure of other a<3jOining districts* 
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pressiire forcing the edgei of the Hu uplnmle, or« 
when the fracture was effected, the mass on the west 
was thrown upwards in such a manner as to descend 
against the eastern side of the dislocation or fault. In 
this case the bottom of the valley prevents us finom 
observing whether the green sand bears marks of ex- 
traordinary pressure, as quarries are not opened on 
that side, but there is no appearance of any contortion 
down to the bottom of the valley. We cannot, there- 
fore, infer here, as we may in many other places, 
where equally yielding rocks occur on both sides of 
&ults, and one of them is turned up in the manner 
represented above, that a relative elevation of the 
one, greater than that now observable, once took 
place, and that either from gradual subsidence of that 
aide since, or from sudden violence at the time of the 
fracture, the friction was so great as to turn up the 
ends of the relatively elevated rock^ 

The contents of common faults throw much light 
upon what have been termed metalliferous veins, 
merely because they contain metals sought for and 
employed for economical purposes. Many veins, 
which, would not be commonly termed metalliferous, 
contun abundance of iron pyrites, often found in 
common faults, more particularly when they traverse 
clays, marls and slates. It has been above remarked 
that the sides of faults are frequently so close as ab- 
solutely to touch, while at times they gape, and the 
fissure has been variously filled. Angular fragments 
of different sizes, some no doubt broken off at the 
time of the dislocation, are common ; but there have 
^dently also been hollow spaces, both among the 
fra^ents and between the w^ of the faults them- 
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et^e», which hme only been fiUed gradually by the 
introduction of matter* principally in sdu^on, and 
which iq. some cases has not absolntely Med the ca« 
vity, but left interior spaces, technically tenned druses, 
surrounded by crj^stals of yarioua kinds. The infil« 
tration has often taken place precisely in the manner 
in which cavities have been filled in certain rocks, 
giving* rise to the formatiotji of agates. 

It will generally be observed that the cavities or 
hollows in question are Hned, if not entirely filled, 
Wi^ matter predomiiiating in ike rocks composing 
the' sides of the fault. If these be of limestone, the 
matter is generally calcareous spar; if among silice- 
ous grauwacke, or rocks of that character, quartz; if 
among argillo-calcareous beds, such as the lias, wher6 
sulphuret of iron may be common, calcareous spar, 
iron pyrites, and sometimes selenite, are not uncom- 
mon ; if among the upper bedi^ of the red marl, or 
other substances where sulphate of liine may be com- 
mon, gypsum is frequently found*. There is evi- 
dently a connexion between the ordinary eontenta of 
the fault and the rocks among which it occurs, as we 
might expect, becttOseutwouM-readily receive water 
from theda, and, consequently, any matter which it 
might hold in solution. 

In some cases the fissure has evidently gaped for a 
long period, and the gradual filling up has proceeded 
from the sides invrards. The most obvious facts of 



* The diagonal lines of flint traversing chalk, see &, figi 15., 
p. 99., and ■ having much the appearance of small cracks fiUcd 
up by the infiltration of silica, seem also to afford an example 
of the separation of matter from the body of the rock, analt^oa 
to those above emuneratedk 
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Om kind are obMmd among limMtonea of a cratun 
eoUectare UiickneM, such, for imtiicc, as the carbo- 
niferotu limeettmet of Bng^d and Walet. The an- 
nexed dtagrain Tepresents a portion of nich a fiaaore. 

Fig. 42. 



the carved and, to a certain extent, parallel linee b h, 
conforming to the aides a a of the fault. When great 
length of time has eli^Med in the production of eadi 
coating of calcareous matter, the outside of each is 
foced Trith die heads of cryatals, upon vriiich the next 
costing has been formed. CaritieB or dmses are by 
BO means uncommon in the central portknu <A anch 
fiiulta. Circumstances, precisely analogous, may be 
observed among various elate rocks, tlie matter coat- 
iog the vaQa of the Ainlt being qnartzose instead of 
. calcareous. Many of the faults, termed cross courseei 
in Devon and Cornwall are of this character, 

Hie analogy between the common contents of & 
&nlt and the greater proportion of metalliferous veins 
is so Striking, that we are irreBistibly led to consider 
Qieir origin to have been similar. It is only when w6 
turn to the metalliferous contents diat we have any 
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appaient difficulty. The presence of the sidpfaOrets 
of metals is not confined to the metalliferous veinsy 
commonly so called ; for sulphuret of iron may often 
be detected in common faults, clearly introduced into 
them subsequently to the fracture* and occasionally 
crystallized in the druses. The principal distinction 
seems to consist in finding particular metals in one 
place and not in another. Now, this being the case, ' 
we should rather study the conditions that may have 
produced such a difference, than conclude, d priori, 
that there can be no analogy between faults and nu- 
merous metalliferous veins or lodes. As well nught 
it be contended that there is no analogy between two 
common faults, because the space between the walls 
of the one is filled with quartz, and that of the other 
with carbonate of lime. 

Here some remarkable £Bicts come to our aid* It 
has been very generally observed, and was more par- 
ti^arly insisted upon some years since by Mr, Came, 
that the character of metalliferous veins changes with 
the structure of the rock through which they pass. 
There is scarcely a miner of any intelligence in a 
mining district who is not practically aware of this 
fact. He may often be heard to predict either suc<« 
cess or fedlure from the change of country (as the 
Irocks, including the veins, are technically termed in 
pome distaicts,) discovered in following up a particular 
metalliferous vein. His predictions are not always 
verged, it is true, for the change may have been of 
a different character from what he anticipated ; but 
this constant reference to probable change shows how 
common the fact is. It is not necessary that there 
should be an absolute difference of rock, geologically 
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6oiittdered, suck, tor instaiu^, as froni ihte to gm« 
nite : a change in the hardness and genenl mineralo* 
gical structure of the same system of nxsks will fire** 
qiirady cause alterations of the vein sufficiently re*** 
markahle. 

Now this difference in the contents, or rather isL 
part of the contents of metalliferous veins, clearly de*- 
pends upon the rocks through which they pass ; and 
if to it we add the facts above noticed, we have consi* 
derable evidence to show, that upon the rocks through 
which either metalliferous veins or common faults 
pass, depends the condition of the matter which may 
occur in them. Among the best conditions for ex* 
pecting to find fissures filled not only with an abund- 
ance of metals, but also with kinds most useful to a 
civilized state of society, is the proximity of some 
mass of granite, porphyry, greenstone, or rocks of that 
class, to stratified rocks, such as slates 'and others *« 
Bvery Cornish miner knows the value of the proxi* 
mity of his. mine, if it be in killas, (as tiie slates are 
commonly termed in the mining districts of that part 
of England,) to granite< The best mining fields of 
Cornwall and Devon are within moderatis distances on 
eitiiier side of the line separating the two rocks t« 
Hercj therefore, we have a condition favourable to 
the occurrence of particular metals^ Analogous facts 



* M. Necker de Saussure has aocumulated considerable eti- 
dence on this head in a paper read before the Geological Society 
of London. See Proceedings of that Society. 

f It may be here noticed, as a curious fSeiet, that ihe nnmeroiu 
situations in Devon and Eastern Cornwall, where bundles of man- 
ganese occur, the latter are, with very few exceptions, and many 
of those somewhat doubtful, in grauwacke, near greenstone at 
jgme trappean rock^ 
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oould be readily adduced, but ndtiees of tliem would 
not aoeofd mth the plan of this volume. In many 
^e should consider that long-ooutinued heat had 
fifieted a considerable part m producing the phffiDO<» 
mena observed, and not a few cracks or fissures might 
|uise from the conditions under vdiicb an intruded 
mass of igneous matter, and the rocks through which 
it appeared, might eventually be pliiced. 
- That chemical changes have taken place in the mat* 
ter contained in some metalliferous veins after they 
Ihave, to a certain extent at least, been filled by various 
mineral substftnces, is proved by the occurrence of 
pseudo-crystals, or those of one jBubstance formed in 
cavities left by crystals of other substances whicb had 
previously disappeared, their moulds- or impresuons 
remaining. The same circumstance isalso well shown 
by the presence of the cavities themselves, left by the 
disappearance of the' substances to which they are due. 
In the former case we have four different conditionr: 
1. the production of the original crystal; 2. the en- 
velopment of diem by a second substance, difiMng 
from the first, such as cubic crystals of fiuate of lime by 
quartx ; 3. the disappearance of the matter of t^ 
original crystals by solution or otherwise ; and 4. the 
tubetitntion of a third substance for the matter thus 
removed, by which it takes an extenud crystalline 
form it would not otherwise possess. In the second 
ease there would be only the three first of tfa^se c6n- 
ditidns. 

These changes are highly interesting, as they show 
that the contents of a vein do not necessar^y remain 
at rest alter their first production, and prepare us for 
other important changes which may have been pro- 



^seed umI «re as yet unknown to us. Thefonnalioa 
9f oi^e.^cryBtaUuie Bubetanpe iqxm crystnls of unotiuft 
pnhetmce also seema to show that the present coa« 
Ijsats of veins have not heen suddenly produced* Iml 
have been the res^t of time. In metallifenms veins 
tl^e orea of metals rarely extend firom side to side s 
they are generally mixed up in various ways ynA 
quartz and oihsc substances* and very frequently with 
fraipnents of rooks of the /same kind as those tibruu^ 
which the veinf pass. 

We have not iutentbn fxt entering into the g^eral 
subject of metaiUiferous veins, whkdi would carry us 
into detail ini^onsistent with the |to of this volume ; 
we are merely anxious to show how-analogous many 
of them are to conmum faults* and that different con* 
ditions have produced differences in tiie substances 
filling the fissures. In some rocks metalHc ores evi* 
dently form part of the mass in which they are con* 
tained* such as oxide of tin disseminated in some 
granites. It has merely (crystallised out in the same 
manner as the felspar or mica. When also bunches 
of ore occur i;i the middle of a rode without fissures 
like faults, the formation appears somewhat contem- 
poraneous. If we attentively consider many of those 
systems of strings or small veins of metal crossing 
each other in all directions* they appear like cracks 
produced in the rock during consolidation, and 
subsequently filled with metallic ores derived fircmi 
the rock itself. The matter of the rock generally 
appears to have been once united ; and many little 
marks may occasionally be traced on both sides of the 
string or small vein, which, if the latter were removed, 
would join. Other systems of a network of small 
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yeins appear as if they had separated out during the 
formation of the rock itself. But in this case, as in 
the other, the metallic matter filling the veins must 
have once been part of the matter of which the rock 
was composed. These veins appear exceedingly ana- 
logous^to quartz and calcareous veins observable in 
piany rocks. 

In addition to the facts above noticed, which seem 
to point to the rocks in which metalliferous veins 
occur as the source whence mueh of the matter con- 
tained in them has been derived, it may be stated that 
the rocks themselves, where they approach the vein^ 
are not generally in the same condition as at some 
short distance from it. We may very readily con* 
eeive that in metalliferous veins, more particularly 
those long formed, the contents may be variously de- 
rived. It would, however, be premature to reason 
on this subject before we have an abundance of data 
before us, and due attention be paid to the conditions 
under which any particular metalliferous vein or sy- 
stem of veins may have existed, carefully weighing 
those conditions, and observing how far l^e contents 
either differ from or resemble each other, according to 
the relative circumstances under which the veins may 
have been placed. By thus carefully separating and 
classifying the facts, we may be ultimately led to 
trace to their sources the causes, and the modification 
of the causes, which have produced them*. 

* We have purposely abstained from noticing the probable 
effects of electricity in producing some of the contents of metal- 
liferous veins, since the recent brilliant researches of Mr. Faraday 
have indirectly placed the subject in such a light, that it require! 
a careful examination of some hitherto neglected points Iiefor^ 
we attempt to reason on it generally.. 
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CHAPTER XI. 

Aftbb the remains of animrtlw and Tegetables, en- 
tombed at various depths and at different periods in 
the crust of the globe, were fully recognised as the 
exuviae of organic life which had once existed on the 
smriiBice of the earth, it became a somewhat prevalent 
q)inion, particularly after the researches of Cuvier 
and Brongniart round Paris, and those of Smith in 
England^ t^at contemporaneous deposits were cha- 
racterized by the presence of similar organic remains. 
Dming the time that such deposits were supposed to 
be distinguished by similar mineralogical composition, 
and, viewing the subject the other way, that similar 
mineralogical structure at once proclaimed the geo- 
logical date of the rock, it was considered somewhat 
heretical to doubt the possibility of discovering any 
other than a certq^ series of organic remains in a 
given fossiliferous rock wherever found. 

This opinion, though somewhat modified, is still 
so £Bur entertained that similar organic remains are 
supposed to characterize contemporaneous deposits 
to considerable distances; at least to this extent* 
that if a belemnite be discovered on the flanks of 
the Himalayan mountains, there is a disposition to 
consider, a priori, that it must belong to some part 
of a series of rocks in which this genus is found in 
Western Europe. Fossil shells of similar species are 
also supposed to characterize the same deposit over 
considerable areas. 
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In the present comparatively advanced etate of 
geolo^, it behoves us carefully to weigh the con* 
ditiona under which animal and vegetable life now 
exist, before we assume that a given deposit can or 
cannot be determined by its organic contents. Some 
of tl^Qse oonditions are.8UjB5u:ienUy wj^ known, ^o. that 
by diligently atudying t}i§ zoological. and botimical 
charaiQten of fossUifeproua rock^ we n^y approximate 
towfurd$ ascertainiiig how far animal and vegetable 
life may have existed under circuinstances resembling 
thos? we now observe, and how far both may have 
differed. 

. It is mtpre particularly desiraUei to investigate the 
conditions necessary to mAripe animals, which, from 
the forms observed among orgaj^iic, remains, we con- 
sider to . have, be^li mo^t ab^indanjtly entombed in 
mineral matter since the surface of the earth has been 
fitted for . their existence ; an alnindance so great, 
that if Jiheir exuviae W:^re p}>straqted from the .mass 
of fossilifi^rous rocks generally, a large amount of 
matter would be removed, aj^ the relative vohune of 
the whole be 90 reduced, that» ^i several instances, 
rocks composed of little else than ,the remains of 
marine creatures would iilmpst entirely disappear* 

The teiaperature of the sea is not liable to those 
great and sudden changes observable in the atmo- 
sphere. Variations in climate, according to the sea* 
sons, no doubt cause corresponding variations in the 
temperature of the waters benealii them; but the 
amount of change thus produced is relatively snudl* 
as may be seen by comparing the tables of the tem- 
perature of the sea on any given coast with those of 
the climate in Ibe same situation. Marine creatures 
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therefore are not exposed to the neceBsity of change 
of place> from the mere effects of altered temperature* 
to the same extent as animalw which exist in the at- 
mosphere. 

Now as the temperature of the sea is necessarily 
subjected to greater variations in shallow than in 
deep water, the creatures which habitually prefer the 
one to the other will (unless especially fitted to sup- 
port variable temperatures, as no doubt a large pro- 
portion of them are,) be disposed to change their 
abodes more frequently in shdlow water than in the 
deep sea, supposing it to be inhabited *. In other 
words, we should expect marine creatures, inhabiting 
shallow water around shores, to be less constantly 
found at given depths, than those which require a 
greater depth of water to render their abodes agree- 
able to them. 

Taking the ocean-level at die equator as a line, 
and viewing the subject generally, the temperature 
Would decrease perpendicularly both down to the 
lowest depths of the ocean, and to the highest parts 
of land which may project into the atmosphere. We 
should thus have certain heights or depths, as the 
case might be, where creatures preferring any given 
temperature might find it within certain limits. Tem- 
perature, however, though an important part of the 

* Fish and molluscous animals are also disposed to change 
their places in shallow water, from the agitation caused by wares. 
Some seek refuge in deeper water, while others enter sheltered 
hays and creeks. Sometimes, if heavy gales prevail for a consi- 
derahle time, marine animals will be found in estuarie* which are 
^tirely free from them in moderate weather. Pectens of^on 
enter into the creeks and estuaries of South Devon, if the water 
he hot too fresh, yrhen bad weather prevails ^n the open sea, to 
^hich they again return when the gales subside. 
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eonditiona neceesajcy to the existence of animal life, an^ 
.gzeatly affecting its distnbutaon oyer the sur&oe of tjie 
•|;iobe, is aioly one among many considerations to his 
taken into account in an inquii^ of this kind. As yfp 
see that diffcrosM^ densities of the atmosfdiere are pre- 
ferred by differlant ^ninftfJi^ f«iy^t>qg in it, so do we find 
various densities of water most agreeable to 'creatures 
existiag in . that medium. As we have elaewhere f 
remarked, if we consider that animal life decreases 
in proportion. tts the is^mosf^ere becomes colder and 
less dense, and that marine life is less abundant as 
the .piiessure of the sea increases, and the necessary 
light dimiuishes, we^obtain, as it were, two series of 
asones, one rising above the ocean-Jevel, the other 
•descending beneath it; the terms of the two series, 
all othier things remaining the same, affording the 
greater amount of animal life as they respectively 
. approach the ocean-level. 

Every naturalist.knows that a given depth of w^ 
ter is that at \$^hich certain creatures are likely to be 
.found ; which implies that they prefer a given pressure 
of water and particular temperatures. For inatance> 
xreatures fished up in the tropics fix)m considerable 
depths, and never discovered in shallow water* exist 
•habitually under greater pressure and at a lese tem- 
'perature than other t»>pical creatures found in shallow 
water. If we take any of the experiments made to 
. ascertain the temperature of the sea at different depths 
in the tropics, we shall see* how soon the creatures 
inhabiting the shallow .water in such latitudes would 
be placed under circumstances by no means favourable 

* Geol^gicAl Mfljiaa], p. 29. 
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to their existence, neglecting for the present die 
variations of pressure which, no douht, would pro- 
duce ^judjydofitiiactive results. The experiments df 
Sabine, Ws^uchope and Lenz * show us that while 
there niay be a temperature of about 80^ Fahr. in the 
surface waters of tropical seas, there is a temperature 
of ^om SG"" to 5Qf ait the depth of about 1000 fathoms, 
the greater temperature being discovered nearest the 
equator. The manner in which this decrease takes 
place npiay be illustrated by the experiment of M. 
Lenz made in lat. 21^ 14* N. The surface water 
being at 79^-5, he obtained 61°-4 at 150 fathoms ; 
37°-:7 at 440 fathoms ; 37''-2 at 709 fathoms ; and 
S6^'5 at 976 fathoms. It will readily be seen that 
the great change of .temperature takes place beneath 
moderate rdeptbs of wat^, mxd that at considerable 
depths the .relative amount of heat is more constant. 
This is a fact very generally observed, as might be 
anticipated, in other situatibns than the tropics. 

The change of temperature by an increase in the 
depth of the ocean, resembling, to a certain extent, 
that caused by elevatton Jn the atmosphere, naturally 
induces us td inquire whether creatures known to 
us as existing only in the waters of temperate cli<- 
mates might not be found at depths in the tropics 
where the temperature was nearly similar, upon the 
same principle that plants growing on the low lands 
of cold climates may be discovered on the elevated 
mountains of more temperate regions. It might be 
sidd that if pressure be taken into account, there is 
no reason why, a priori, certain plants should be more 

* Geological -Msnnal, p. 25. 

q2 
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capable of sustaining different degrees of pressure than 
certain marine creatures. We will not, however, stop 
to examine how far the cases would be analogous ; for 
there is one very important consideration which must 
enter into all such inquiries as those we are now in- 
stituting, and that is. Would marine creatures living 
habitually in shallow waters, and consequently in, a 
medium where atmospheric air was disseminated to 
a considerable extent, be capable of supporting life 
at great depths where we may infer that, if air be 
present, it would be infinitely more scarce ? 
. We know, as far as regards freshwater fish, that 
if they be plunged* into distilled water, they will die 
from the want of the air commonly contained in 
lake and river waters, and we may infer that marine 
fish could no more exist without air disseminated 
through sea, than the freshwater fish in distilled 
water. 

The analogy between the plants and animals above 
noticed seems here to cease, for the plants could as 
readily procure the gaseous matter necessary for them 
in the one position as in the other ; though it must 
not be forgotten that in the great adaptation of ani- 
mal and vegetable life to the situations fitted for it, nu- 
merous plants which live in places where the density 
of the atmosphere is comparatively small, are, accord- 
ing to Humboldt, provided with an abundance of 
secreting vessels* so that the respiration of the leaves 
of such plants becomes deranged when the latter are 
transferred to situations where there is greater at** 
mospheric pressure*. 

• Ta*>!«uix de la Nature, ii. p.'ll5. 
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. As we cannot readily conceive that marine crea- 
tores are capable of decomposing water for the pur- 
pose of procuring the oxygen that may be necessar^r 
for them, we look to the absorption! of gaseous matter 
b^ water, and its consequent dissemination among the 
latter, as the means by which creatures obtain t^e re- 
quisite air, assuming that oxygen is necessary to the 
whole animal creation, and that it must be obtained 
at intervals, however unequal these may be in different 
creatures, for the purpose of sustaining life'*'. »C)f the< 
depths to which air may thus find its way we know 
nothiag ; but the very curious observations of M. Biot 
on the gaseous contents of the swimming-bladders of 
fish show us that such contents probably vary, accord- 
ing to the depth at which the fish usually live. He 
found that such bladders were not filled with atmo- 
spheric air, but with nearly pure nitrogen, when the 
fish inhabited shallow water, and with oxygen and 
nitrogen, in the proportion of *9 of the former to *1. 
of the latter, when they inhabited depths of from 500 
to 600 fathoms f. We might hence infer that there 
was a difficulty in procuring nitrogen at great depths 
while it was readily obtained near the surface, and 
hence that atmospheric air was more abimdant in the* 

* It may« indeed, be said that if the lower creatures do con- 
sume oxygen forming part of the atmospheric air disseminated at 
great depths, the intervals at which they require it may be so 
long, and the amount so small, that a very trifling relative vo« 
lume of this substance would suflice for great lapses of time. 
This latter view, if true, would, however, only tend still further 
to illustrate the adaptation of animals to the conditions under 
which they are placed. , 

f Biot, as quoted by Pouillet, Ei^mens de Physique Exp^ri- 
nentale, torn. i. p. 1B7. 
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latter tiian in tlie former^ oa&e. We may also suppose 
thadoai^genis more readily abroitMd bysea-i^rater thaiift 
nitrogen, and that therefdre it ma^y e^ttend to gi^teir. 
deptlHB* Be this, however, as-it may; tlie differences 
is: the contents of the s-wimming-bladders is e^itceed^ 
ingly remarkabie, and apparently point to a diffextenee^ 
in thef gaseooe maitter disseminated through sea-water 
at various d&pikn, at least aa far as regards the pfo- 
pOEtkma that oxygen and nitrog^ may bear to each 
other tmder such conditions. 

It might be coniddered that fish, being provided 
with these swimnnng«biadder8, tfonld hate the power 
of rising to any height in. the water t^ey deeiired, aiui 
that therefore they conM ot^tsin whatever atn^mt ol 
diBSemiaated air thiey aoighit require. It w6aM' dp- 
pear, however, tilialt Idiongk c^Mkble of rising and cte* 
-scending from and ta certain deptb&y fish a^e iHsited* 
according to their species, as to the tJiiokness ol the 
stratum of watde, if we may so speak, which they iii* 
habit. As fish rise, and descend kk Water^ at least the 
gxsat proportion of tiliem>, by-means of expanding and 
QontKBcting the gas in. ihek swiiianiajg*)^ad!dei!!s, it is 
evident l^at when tidagas beeoiaes, by pressure, of the 
aame density as tiie surrounding water, t^e fish eaa 
no longer descend, unless, indeed, by great muscular 
exertions; neither would they ascend with fecility 
beyond a certain height. M. Pouillet has observed 
on this head that the gas in the swimming-bladdent 
of fish brought up from the depth of about 3300 feet, 
and therefore under a pressure equal to about 100 
atmospheres, increases so considerably in volume that 
all muscular effort being unable to res^;rain it, it forces 



Ite bbdder, stonadi, and: otiur Des§^b6tirifig parti 
outside the throat into. Ihcfona of :a haUooii-Bhaped} 
mass'*^. 

We have no veaaan^o coocltide that diftrent epe-» 
cies of iifih are the oofy marine taseataves- likely to be: 
Ikaited to paitieulaE depths of Tiratep; we should infer 
that all the ammal inhabitants of the oeean and seaa* 
vete simikily drciunateDced. Pressore and temper 
ratnre change with the dsfidi ;. and we oaniiot coneeivei 
that the same animal, be it what' it may, oovild live, 
equally well near the aiuface and beneath, a depth of 
1000 foithonis, moce than we should con&kier that a 
man would find himself equally eoaifbitaiUe at sokaU 
heights in the atmosphere^ and atanekitetion of 
30,000 feet above the sea. Throvghsnt auma^ life 
creatures i^eaz to have been fenaed to sustain thai; 
particular pressnicy whether of aia or walteiv whifeb 
was usually found in the situaJdoDS- destined to be» 
oocupied by them. Creaftunea exiatiiig-in the atmo^ 
flphere, all other things being the same^ wotdd» how* 
efwt, suffer less in proportion feom a given amomt 
of vertical change of place than creatorefr Uving in. 
iAife sea. An eagle, accustomed to soar at coaaider- 
i^le heights, can Ivre at the level of the sei; but it' 
is Tery dcwbtlul if a shark coaid oontimse long to. 
exist beneath conaidefable d^lhs, though n» donbt; 
rapacious creatures are better enabled to sustain such- 
olutfigee than others ; the necessity of finding prey afe 
various altitudes or depths, as the case may be. being 
especoMiky provided for. 



' * Bltoiem At Physique Exp^rimentale, torn. i. p^ IBS. StCMide 
^ditkNL 
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Fish could not remain at ease in any particukr 
depth of water if their spedfic gravity at the tame 
-was not precisely that of the medium in which they 
existed. It is evident that in many the change in 
their relative specific gravities is effected by the con^ 
traction and expansion of the gas in the swimming- 
bladders above noticed; and we have seen. the ccmae- 
quences of removing such an elastic body from greater 
to less depths. We now come to another question. 
As the liquid matter circulating in marine .creatures 
is, in aU probability, of such densities that the pres- 
sure of the surrounding aqueous medium is exactly 
such as to allow it to move with the proper freedom, 
would change in the relative depth of any given 
marine creature produce a corresponding effect in 
the circulation of its fluids ? Although we may -con- 
sider the fluids and the surrounding water to be to a 
oetrtain ext^it elastic, their elasticity is not such as 
to produce effects similar to those caused by the ex-r 
pansion of gaseous matter : it would probably, there- 
fore, require very considerable differences in pressure 
to produce any appreciable effect. 

Wherever a creature exists, we may consider it to 
be partially kept together by a given amount of presr 
sure, so arranged that it can move freely in the me- 
dium, whether gaseous or aqueous, in which it may 
habitually live. .The powers of the muscles are suited 
to this condition of things. If, however, the pressure 
become less from any cause, there would be a tendency 
in the body of the creature to change its volume in 
order to accommodate itself to the medium by which 
it is snrrouiuled. The derangement would be fiist 
experienced in the smaller and more delicate vesad^ 
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eonstnicted as tibef7flie^th such beautiful predsion, 
^at the power of contiroling their action is alwuys 
equal to the effects required. A pressure suited to 
the proper condition of the animal is part of this 
power ; and when it is greater or less l^ian the crea** 
ture habitually supports, the animal suffers in pro* 
portion to the difference; so that when the latter 
becomes considerable, the creature ceases to exist. 
Although man can live without unpleasant sensations 
under a considerable variation of atmospheric pres- 
sure, yet upon lofty mountains, such as Mont Blanc, 
and, consequently, under a considerably diminished 
weight of air, he perceives he has attained a situation 
where his bodily sensaticns, from the want of the ne* 
cessary pressure, are most unpleasant : every titep re* 
quires great effort, his breathing is deranged, the 
smaller blood-vessels begin to give way, and altoge- 
tiier he finds himself under conditions not suited to- 
him. His sensations, therefore, teach him that he 
could only continue to exist beneath a given amount 
of atmospheric pressure, and that the component pfurts 
of his body are suited to it. 

When we conidder the effect of pressure on marine 
creatures, we must ^ot forget that, from the very great 
difference between the elasticity of air and water, the 
change of relative specific gravity of an animal, rising 
to a given height in the atmosphere, would be far 
greater than that of a marine animal, unprovided with 
swimming-bladders or similar organs, descending to 
an equal depth in the sea. As far as mere fluids are 
concerned, and estimating the amount of change in 
the relative specific gravities of the creature and of 
^e surrounding medium^ which may be sustained 
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wiiAattt iBConreiiifiiide, if thali wbidt a nlwi can cb'-v 
di»e ekber in ndfifid of e^mdeDsed m> w^^ may> iofev 
that the mape cUferencQ in thevelalive «pecxfieg;i!«m« 
tie»of «efr-wat$raad of tile fluidft'dreulating iii»iiub- 
nae amniftlft would aot be predvctive of very great 
effects evfiv frpiik coneidevalite ▼ari^tioiiB in depth. 
It u ethevwue, howenrer^ with differencea in preeeiirew 
A oraature liidag a|. the defi^ of 100 feet wo«dd ras- 
tain a prannire, indudnig.th^ ei the iitinoflphere, of 
about GO pounds oi^. the sqtu^e isteh, while one at 
4000 feet, a dq)th by, no Baeana ^nsiderable, would 
be exposed tei a preseAue of about 1830 pounds upoa 
the square- inch. It wMl be ob^dpus^ firom our know*- 
ledge of the structure of animalft gfsmtdOy, tiiat "we 
wmot TOth any leferea^. to 8H«h •tnwtaie, iB«e 
particularly that of Ihe delic^e vessda, suppose aay 
one creature capaUe of au^ausing suoh fflMHUous dif- 
ferences of pressure with impunity* 
. We may lEurly infer that as, the sea 'vaiies in its 
pressure and temperature* and probably also in; ita 
amount of dissemioBt^ air^ ia.proportkMi to itsdeptk, 
marine creatures are f orm^ f($c the eonditiOAs under 
which they exist*, i^mI 9B the lailtet ymv^, so do ^so 
the former, viewing the subj^ on the Urgt sesie* 
There is another impeirtant ^emf nt to. be taken ittUi 
these coBsiderationsA and that elMB^.ist Ugbt. Horn 
&r aU marine life may require light it is difficult to 
saf ; some creatures inhabiting ^le io^ and nnad 
banks beneath the sea am, at bU etents« livit long 
without it, and do «» from qboice : it itvist, however,, 
be essential to aU those provided with the organs of 
visioB. Hence those which are so provided would 
prefer the kvds where they can obtain the degree, of 



li^ best siuted to tikem: so that we might expect 
toi find. the. great maiqs of fish, crastacea, and sqch. 
moIhiaeQHs (ssfeatorea 90 poBsesfr eyes, in oonpazatmlf 
ahaUbw water. Wkai not in ahallow water, and coR"- 
aequentljr wbete there would be lece Hght, we should 
aiitici|)iBte some modification of the organs ol vinon, 
by which tbity mty be enabled in some degree to ob* 
yiate the i»eonTenjence of living xa compaaaBttive dark- 
ness« . Now this is precisely what we do fiod, and is: 
irelL iUuslrated by %}» Fomatomus Teiemopimm, fished 
iq> ^t coosid^TftUe depths off the coast near Nice, 
who^e. eyes A9e\ remaarkable for their magnitude, and 
fbna^ to obtain the .advaalage of every ray of light 
tjiat ean pen^tiaite into its abode. 

Oi^r loiowliedge of the depths at which the animal» 
i^^itiiig variousc shells exist is necessarily liinited^^ 
Shells conoaonly found on sea-beaches have been 
thrown thqre by the action of the breakers; they 
have been moved on ^ore by the propeittDg power 
of the waves in tlmt direction. Under ordinary cir- 
enaaatances the sheUs alone are ejected hom the s^ ;. 
it is only after heavy gales, produciag great mcnfe" 
meixk in the more shaUow bottoms round coasts, that 
the ammi^.are detected in, them when cast 0a shore.. 
lA woddd appear that the. motion of the dkturbed wa*^ 
ter inhewry gales swept np the sands or mud in which, 
some of the molluscous creatures halHtaally liv^ and 
that, being unable to resist the propeUing action of 
the water, they are. thus fi>rced on the land. 

It will be obnoos thatf;, as the action of waves suf- 
fieient to drive bodies, such as sheUs, on land can 
only be fdt at moderate depths, the shells so dis- 
coveted eoidd only have been derived from similar 
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deptibs. Therefore as we are not likely, under ordi* 
nary circumstances, to find deep-water shells cast on 
shore, it can only be by fishing, dredging, or similar 
means, that we obtain any knowledge of those whose 
inhabitants keep from choice to depths beyond the 
propelling action of waves. Consequently the depths 
at which the inhabitants of shells may exist is un- 
known to us ; and we feel assured that there may be 
numerous species, and perhaps some genera, with 
which we cannot expect in the ordinary course of 
things to become acquainted. It may, however, be 
inferred that great pressure, and other circumstances 
noticed above, would limit their existence to mode- 
rate depths. Conchological works are, in general, 
exceedingly deficient in information as to the depths 
at which various shells have been discovered with 
their animals alive ; a circumstance to be much re- 
gretted by geologists, as it deprives them, in a great 
measure, of the assistance they would otherwise de- 
rive from organic remains in estimating the probable 
depth at which a given fossiliferous deposit may have 
been Ibnhed. Under these circumstances my Mend 
Mr. Broderip was kind enough at my request to con- 
struct the table placed at the end of this volume, 
which shows the situations and depths at which the 
known genera of recent marine and estuary shells 
have been observed. 

It would appear that all the molluscs enumerated 
in the table noticed above have been obtained at less 
depths than 100 fathoms.. It does not follow that 
many species, even of the genera iu)ticed, may not 
live at greater depths than 600 feet ; most probably 
they do so : but it is remarkable that, as far as the 
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evidence goes/ all the molluscs known to us, with 
perhaps a few rare exceptions, have heen found with 
living animals in them at less depths. The area, 
within the line of 100 fathoms, extending round the 
British Islands*, presents a large extent of surfacef, 
in which the hottom is at depths much heyond those 
noticed in the list. There may, therefore, be within 
what are termed soundings round our own coasts 
numerous species as yet utterly unknown to us. The 
chances are necessarily few which could bring to 
light such species as may habitually live in the 
area comprised within the lines of 60 fathoms and 
100 fathoms. So long as the animals were alive, they 
could readily retain their places at such depths ; for 
there can be no current or stream of tide possessing 
sufficient force to wash them onwards, and the action 
of the waves, if felt, must be very trifling. The pres^ 
sure between the two lines would vary from about 
180 to about 285 pounds upon the square inch, one 
we can easily suppose not too great for a large amount 
of molluscous creatures, since fish are known to live 
beneath a much greater pressure. We should, how- 
ever, not forget that molluscs, when their organs are 
arranged for a pressure equal to about 200 pounds on 
the square inch, would probably not feel disposed to 
ascend to higher comparative levels where it would 
be much less. 

We might conclude, ^/?rtori,.that the same kinds 
of marine creatures are not likely to live generally 
under very different temperatures, or at very different 
depths. Now this conclusion agrees with known facts, 

• See plate ii. p. 190. . 
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and as it so doficdy correspoada yffiHi such facts; we 
may farther infer thajt equal temperatures will not 
suffice fc^ the existence of a given marine creatui^ if 
theite be great inequalities of deplh^ that is, an ani- 
mal -living in shallow water in the colder regions of 
•the globe is not likely to :be dificovered itn wat^'t^ 
•equal temperature beneatin considerable depths in the 
tropics. And, conversely^ mairine creatures existing 
at considerable depths in the trojAcs are not likely to 
be the inhabitants of shallow iwater in the colder re- 
gions of the earth. Thus, when we consider the dis^ 
tributbn of marine creatures over the globe, our views 
«re not likely to be vitiated by the concealment, from 
great depths, of species known to us as inhabitants 
^ shallow seas in temperate dbnates. 

As we observe that marine animal Hfe is so much 
4ifiected by temperature, depth of water, and the dis- 
semination of air, we .mi^t conclude that, at given 
depths in the sea and tmder similar latitudes, all tyther 
things being equal, we shoilld find the same species. 
This is, however, at variance with all our knowledge 
•on the subject, which seems to point to a great dif- 
fierence in species, with a few exceptions, under suck 
conditions^. Assuming, therefore, that species are 
distinct creations, and not modifications of genera in 
consequence of time and place, we come to the con- 
clusion that equal conditions do not afford like spe^ 
cies, and that the latter have been separately created 

* It was considered unnecessary to sketch the known geogra- 
phical distribution of marine life, as ample inforniation can be 
obtained by references to various works on Chfe subjeet; and it Jt 
the less necessary to the geological reader as Mr. Lyell has treated 
this subject at considerable length in the second volome of his 
Principles of Geology* 



«8 the places Idiey inhabit .were fitted for their exii^ 
«nce. 

This non-iaigreement of maxiQe species under equal 
circumstances as regards temperature and depth of 
water, shows us Jnyw extremely cautious we should 
he> when viewing the subject with reference to the 
.esusting state of things, in oonclading, a ^nioti, that 
racks axe of di&rent ages because the same marine 
organic remains are not detected in them ; for. if we 
are not to expect similar general coUectiansjof orgaaie 
bodies under the conditions we should consid^ snost 
^vourable, we cannot anticipate that unfavourable 
circimistances will produce them. 

When we tmn from marine to terrestrial life, we 
still find that equal conditions as to climate and ele* 
oration in tiie aifcmosjdiere do not generally present us 
with like species, whether of animalR or plants 'f/. 
There is always a beautiful adaptation of both to the 
circumstances under ^diich they are placed, but these 
circumstances do not necessarily afford like species^ 
•There can be no doubt that many plants xsan-adapt 
themselves to idteredconc^ons, as is readily observed 
•in our gardens ; and many animals acconmiodate them* 
selves to different climates, as is well seen in those 
removed from temperate regions to the tropics, or 
from the latter to the former. But when we ^view 
the subject generally, and allow foil importance to 
numerous eseeptions, terrestrial plants amd animals 
iseem intended to '£11 the situations they occupy as 

* We must refer, as before, to the various v^oYks which treat 
on the .dist^ihiitioaof animal and yegetable life on the sur&ce of 
the globe for the evidenqe on .this head. To-have e^ter»d on the 
subject in a volume of this kind would have too much increased 
its iisc. 
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these were fitted for them. They appear created aH 
the conditions arose, the latter not causing a modifi- 
cation in previously existing forms productive of new 
species. 

If the mass of vegetable and animal life were now 
such as it always has been, existing species, when 
the surface of dry land underwent different changes, 
entering upon the area which had suffered alteration, 
must have come from other situations either under 
similar or different conditions. Should they come 
from the latter, they would be capable of existing 
under different circumstances, and if from the former, 
the situations must have been contiguous, or the plants 
or ftT>inift1« must have passed over the spaces not fitted 
for them. 

We should expect if one mass of animal and vege* 
table life supplied all the variations produced on the 
surface of the earth during the lapse of ages, that 
eventually there would-be much uniformity in its 
distribution, and that fossiliferous rocks of all ages 
would present, taken as a whole, considerable simi- 
larity in their organic contents. Now as we do not 
find either this uniformity in the distribution of ac- 
tual animal and vegetable life over the surface of the 
globe, or in the organic contents of rocks, we seem 
compelled to conclude either that an original mass 
of animal and vegetable life has been enabled to suit 
itself to all the changes to which the surface of our 
planet has been subjected since suck life was. called 
into existence, or that there have been successive 
creations as new conditions have arisen, so that every 
place Capable of sustaining life has b^en filled by 
that fitted for it. There are likely to be few, seeing 
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the beauty of design manifest in creation and so ap- 
parent in <M>^tnn1g and vegetables, who will not rather 
consider there has been a succession of creations as 
new conditions arose, than that there should be an 
accommodating property in oiganic existence which 
might ultimately convert a polypus into a man*. 

* It is by DO nkeans ittteilded to deny that the fonni of species 
may not be greatly modified by the circumstances under which 
they are placed, for we know that such is the case. Many mol- 
hiscs, animals of great importance to geologists, have been shown 
by Mr. Gray to alter the thickness of their shells according to 
the mere circumstance of being exposed to either agitated or 
Stillwater. He 'states that "the shells Buccinttm unSatum and 
B. striatum of Pennant have nO other difference than that the one 
has been formed in rough water, and is consequently thick, solid, 
and heaTy ; and the other in the still waters of harbours, where 
it becomes light, smooth, and often coloured." .(Phil. Trans., 
1833, p. 784.) The same author also remarks that " shells which 
have bratibfaing or expanded varices, like the Murice*y are also 
mnch influenced by these drcumstances, and b«nce many mere 
varieties, arising from local causes, have been considered as di- 
stinct species. The Murex angulifer is merely a Murex ramosus 
vritb 'simple varices ; and Murex erinacens, M. torotus, M, f«6- 
carinatut, M. cinguliftrutt M. Tarentinw, and M. polffgonu$t Are 
all varieties of one species. Murex Magellanicus, when found in 
smootJi ws^r, is covered with large acute foliaceous expansions ; 
but the saihe shell living in rough seas is without any such ex- 
pansions, and only cancellately ribbed. In such situations it 
seldom grows to a large size ; but when it does so, it becomes 
very solid, and loses almost all appestranoe of cancellation." {lb,) 
These and other modifications of shells, from the influenpe of the 
circumstances under which the animals have been placed, are 
of very great importance to geologists, as it is necessarily with 
the forms of fossil shells alone that they can become acquainted. 
And, as if still further to embarrass their judgement, it appears, 
though probably instances of this kind are rare, that different 
anioials may inhabit similar shells. Thus, according to Mr. Gray, 
*'the shells of Patella and Lotiia do not in the least differ ii^ 
external form, and yet their animals belong to very different 
orders." 
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CHAPTER XII. 

If animal and vegetable life be so distributed over 
the superficies of our planet that equal conditions do 
not necessarily afford the same species, it follows that 
the organic exuviae which may be entombed by roda 
now forming, would not necessarily be the same even 
under the same parallels of latitude ; assuming, £Dr 
the sake of the argument, that the conditions as to 
climate, pressure of the air or water, and other cir- 
cumstances, are similar under such parallels. The 
distribution of life, whether animal or vegetable, being 
thus variable as regards species, no geologist expects 
to find a modem rock characterized by the same or- 
ganic remains in distant places, except under very 
favourable circumstances. He would not be surprised 
should he not discover in rocks now forming on the 
shores of Great Britain and of India a single species 
which should be common to both. Even when the 
same latitudes were concerned, he would not expect 
to meet with only the same fossils in the modem 
rocks of the coasts of Africa and of America, or of 
the latter and Australia ; still less would he anticipate 
the discovery of only the same plants and animals in 
the lacustrine deposits now taking place in these 
countries, however similar the climate. 

When we regard the hydrography of the world, 
we are stmck with the fringes, as it were, of sound- 
ings touAd continents. These, no doubt, are of very 
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irregulftr extent, the outer verge, or the fall from 
about ISO or 'iOO&thomB into deep water, eometimei 
approaching the land, at others receding from it, the 
differences being generally due to combinations of 
various local circumstances. T^e general character, 
however, of these fringes, is remarkably similar. 
Iliey constitute plains, for the most part not much 
inclined, to the depth of between COO or 1200 feet, 
where there la very frequently a more sudden plunge 
into much deeper water. 

Fig. 43. 
g fe de ba I 



Let, in Uie annexed wood-cut, (fig. 43.) 1, 1 ; 
8, 2 ; 3, 3, represent parallels of latitude sufficiently 
distant from each other to produce eousiderable vari- 
ations of temperature, II a. line of coast extending 
from Borth to south, and// the outer verge of sound- 
ings off the same coast, there being a sudden &I1 
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into deep water g g. Let tiie lines a a!, b V, eff,di, 
and e e', represent lines of equal depths between the 
shore and the verge of soundings. It is obvious that 
if we consider the soundings to form an inclined plane 
from the shore to the verge, which may, for the sake 
of illustration, be supposed to run out to a depth of 
150 fathoms, we should have a series of what may be 
termed zones of different depths, and, consequently, 
of different temperatures and pressures. We might 
infer that each of these zones would be inhabited by 
creatures which should on the whole differ from each 
other. 

Neighbouring zones might contain some marine 
animals common to two or three, but the resemblance 
in this respect would become less the further the zones 
were removed from each other. Supposing the coast 
line to be N. and S. in the annexed figure (fig. 43.), 
we should then obtain greater pressure and a lower 
temperature at the bottom as we proceeded eastward. 
There would be another cause of difference in the 
marine life of such an area as the soundings here 
supposed. We have considered the lines 1,2, 3, as re- 
presenting parallels of latitude sufiiciently distant to 
produce differences of climate. We then have another 
series of zones crossing the others nearly at right an- 
gles, and also affording changes of marine life. We 
should not expect to find the same creatures between 
1 and 2, and 2 and 3. We thus obtain various areas, 
which not only differ from each other in east and west 
directions, but also from north to south ; and any ac- 
cumulation of detrital or other matter, forming new 
rocks over the whole area represented, would entomb 
remains differing from each other and yet be contem- 
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poraneous. We have also introduced in the above 
diagnun (^. 43.) another cause of change. The 
rivQr A» dischazgj^ itself by a delta into the sea, 
would cause considerable modification in t^e life 
within the influence of the fresh water propelled out- 
wards. The organic remains brought down by the 
river would produce a general modification in the 
zoological and botanical characten of the new-form- 
ing rocks, and there would be a mixture of fresh- 
water and marine creatures, and probably also of ter- 
restrial .animals and vegetables, over a given part of 
the soundings. 

We have assumed, for the sake of the argument. 
Chat the soundings constituted an inclined plane ; this 
wcHjld jDot be strictly the case in nature, for, generally 
fipeakiiig, there are minor elevations and depressions 
jbrming banks and hollows, depending on local cir- 
ciunstances. We shall, however, continue to consider 
these beds of soundiz^, fringixtg the lalid, as inclined 
planes, for the sake of morp easy illustration. Let 
« 6« in the anxiexed diagram (%. 44.)» represent the 

Fig. 44. ' / ' 



m — 



.sea^level, c a coast, and e, f', e[*, e"' a section of amass 
of soundings^ falling into deep water at d. At the 
various, depth?* h ^> h there would be different tem- 
peratures and .pressu^e^;, fuid, ^om what has been 
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previously stated, Hie respectiye portions of the in« 
clined jdane of soundingps, cut by the lerels of depth, 
would be tenanted, viewing the subject gnierally, by 
differ^t marine creatures. 

If, now, the whole body of land,sounding8 included, 
become gradually raised, so that the level i forms the 
surface of the sea, the creatures which lived formerly 
between the surface b and the level t could retreat to 
the portion of bottom situated between i and k, where 
they would be under the same circumstances as be- 
fore. There would, however, be one result, which» 
when viewed geologically, possesses considerable in* 
terest ; the organic remains entombed by an accu- 
mulation of detrital or other matter on the sur&ce 
comprised between e' c" would no longer be the same, 
considering the subject generally, as they had previ- 
ously been. A change will be effected. The exuviae, 
which in the supposed original state of things would be 
entombed in the surface e' e", would now be covered 
by others corresponding with those previously enve- 
loped' by new-forming rocks on the sur&ce e tf. The 
like would happen with the succeeding surface e" e"', 
whose existing inhabitantsivould seek lower depths. 

We have hitherto supposed minor elevations of the 
soundings ; let us now consider the effects produced 
by a more sudden and greater rise of the same si lid 
matter. If the mass of soundings were raised at once 
about 100 or 150 fathoms, so that the new level of 
the sea should correspond with the line m n (fig. 44.), 
not so suddenly as to cause great waves, but suffi- 
ciently quick to prevent the migration of the mollus- 
cous and other inhabitants of the bottom, these crea- 
tures would necessarily be destroyed as far as regards 
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the particular area. Those which were incapable of 
quick locomotion, as would be the case with many, 
would perish if the elevation were moderately gradual : 
they would be unable to reach the new lines of 4epth8 
and temperatures suited to them. 

Let the reader consider what would be the effect 
upon- marine animal life (at least that part of it which, 
unlike the fish and some others, cannot readily change 
their places,) if the area of soundings round the Bri* 
tish Islands were so raised that the present line of 100 
fathoms in depth constituted that of the new coast'*'. 
To those unacquainted with geological pheenomena 
such a supposed change of level may appear some- 
what great; but it is one which such phaenomena 
show us, in a manner not to be mistaken, has often 
occurred on the surface of the earth, and tiiat so far 
from hemg great, it is comparatively small. To the 
geologist such a change of level presents nothing re- 
markable ; the only question likely to arise is simply 
whether such changes may have been gradual or more 
or less sudden. In either case we should have changes 
m the condition of the marine life at present existing 
on the area. If the elevation were moderately sud- 
den, so that Hie various creatures habitually living on 
or in the bottom of the sea should not have the power 
ta escape as a whole, there would be an immense de- 
stmetion of species, the greater part of those peculiar 
to the area probably perishing altogether. Num^ous 
shallow basins containing sea-water would remain, 
and in these many creatures would continue to exist 
for some time longer. 

Those who have seen the tide leave the shore- on 
I . f For this area see the map opposite p. 190. 



shallow coattB, and. witnessed the rapidity with which 
large tracts oi slightty inclined -sands or mud hecome 
freed from water, pools here and there appearing^wiU 
readily conceive that a rise of bottom, producing aa 
rapid a disappearance of water, would entirely pre^. 
Tent the great masa of molluscous creatures^ and even 
some fish, from escaping* Yet the disappearance of 
the water would be so gradual that the surface would 
no more be torn away, than is the case when the tide 
ebbs ;on shallow coasts. In all. probability a much 
quicker diaappearancie of water might take place and 
yet the bottom, remain firm. The rapid disappearr 
anoe of water by an,ebi>-tide is,.perhaps» less familiar 
to most persons than its quick flow on siipilar coasts* 
because it is,unatt^ded<by the same amount of dan- 
ger. If, therisfqre, they, measure the rc^idily oi the 
relative change of levels by. that of.the.ne^e of flood- 
tides on shallpw shores, they would .beti^er .perceive 
how difficult, it .would be for a ]axge amou|it of m^r. 
rine creatures to 'quit their usuajl habitatt and escape ; 
for this rapii($ty is on soine coaststSQ considerable that 
men ^ave great difficulty in reaching the shore^ tiiough 
conscious of the danger;^ and in some situationa it even 
requires the. aid of a good horse to escape, in sufiScient 
time. Nowit is imf^rtant to remark, that.the marine 
animals, being unprepared for such a relative change 
of l^el, would scarcely be aware of thdr danger until 
too late« Those. habituated to great tidal changes 
would of course peri^ at once ; foe when Mt by the 
water they would not feel uneasy, and thesefoflre .de^ 
sirous of change of place, until the time whentlie tide 
usually returned. 
It is evident thatj if a^chaqge of level took place in 
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ttaa part of the earth's SBr&oe, even accompanied by 
no greater rapidity in the dxBappearance of the sea 
than tiiat observaUe in. an ebb-tide, so that a new 
line of coast should correspond with the present line 
of 100 fethoms in depth round the British Islands, 
there would be great destruction of marine life, more 
particularlj of such species as were peculiar to the 
area left dry, and not possessed of quick locomotive 
powers. Even if many escaped to the outer Verge 
of the present line of soundings, the area, from the 
greater steepness of the bottom (the descent into 
rapid Water being comparatively rapid), would be so 
narrow that, even supposing all other circumstances 
fitted for their existence,. very few, even of those ca* 
pable of speedy flight, would eventually 'find places 
proper for them. 

Ld: us now consider another consequence of this 
change of level round the British Islands. In many 
situations shallow basins would exist into which some 
creatures might escape. These basins would, how- 
ever, have be^i previously tenanted by other marine 
animals, which, if the change of level were inconsi- 
derable, would be capable of living in these basins, 
at least for a time. If, however, they were creatures 
which required comparatively deep water, they would 
probably perish, and the waters be inhabited by those 
which may have escaped from higher levels. These 
basins would not long exist under their first condi- 
tions.. The new surface of the elevated area would 
come within the action of the atmosphere, and be 
subjected to all the effects produced by such action. 
The rivers of a part of France,' of all the British 
Islands^ and of those parts of Germany, Russia, Swe- 
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den and Norway, the drainage of which now runs into 
the area under consideration, must proceed onwards 
until they reached the sea. They must find thek 
way through various parts of the new dry land. At 
first, from the difficulty of finding channels, there 
might be considerable spread of water and conse- 
quent loss by evaporation ; but in a climate like that 
under which this change would be effected, the accu- 
mulated waters would soon cut channels, and meander 
to the sea by various routes, each river according to 
the least resistances opposed to its progress. 

A difference of 600 feet in level over the area 
would no doubt tend to throw some of the vcraters of 
continental Europe backwards, supposing the rise 
somewhat local and to fine off to different distances 
around it, and some of them would take other lines 
of drainage ; but much of the water would still flow 
-westward, and the drainage of the area itself would 
not be inconsiderable. Many of the basins above 
noticed would receive rivers in their courses onwards 
to the sea, and we might expect from this constant 
influx of fresh water that the sea water would gra- 
dually become less saline, the waters mixing and the 
mixture passing off over the lower drainage lip of the 
basin, for a drainage must take place when the mixed 
waters rose above the level of its sides. Many of 
these bosins would become freshwater lakes, and 
consequently would be ultimately tenanted by fresh- 
;water animals brought down by the rivers ; for. this 
change of level would leave terrestrial and freshwater 
creatures in a great measure unharmed. They might, 
indeed, shift their habitats to lower comparative le- 
vf^, but destruction would not ensue: they would 
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be free to colonize the new dry land, and therefore 
their remains would be entombed in any deposits 
forming in the lakes, which, from all analogy, we 
should expect to happen. 

It is somewhat curious to consider the zoological 
character of the beds of sand, silt, or mud which 
Would be left dry. Charts of the various soundings 
show us that we should have a surface of Yariable 
mineralogical character, but that it would be princi- 
pally arenaceous. Now, as among marine creatures 
some prefer one kind of bottom, and some another, 
we should not only have zones of marine life, if we 
may use the expression, corresponding in a general 
manner with those of equal pressures, temperatures, 
and other circumstances, but such marine life would 
also differ, according to the nature of the bottom in 
the zones themselves. We should thus have an area 
in which contemporaneous creatures were entombed, 
where the deposits in one portion. would differ in or- 
ganic contents from those of another, in proportion 
to differences of depth, temperature and bottom. The 
lakes would eventually contain the exuviae of terre- 
strial, fluviatile and lacustrine life, both animal and 
vegetable, and we should* have rocks characterized by 
such remains resting on others full of marine exuviae, 
with probably here and there some intermediate beds 
containing remains characteristic of brackish water, 
or of a mixture of creatures, originally either marine 
or fresh-water, which had been- enabled to support 
the changes of the medium in which they occurred 
up to a certain point, when the originally marine 
creatures gradually disappeared and gave place to tjii6 
tttviatile and lacustrine animals. 
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We have observed that the soundings round the 
British Islands are bounded on the side of the ocean 
by a line-, where tiie grjeat plain, as. we may term it, 
terminates somewhat abruptly, the tine of 200 fa- 
thoms being' at no great comparative distance beyond 
th&t of 100 fathoms. Now# if the change of level 
were- such' tiiat the new coast line rose somewhat 
suddenly, even for a few feet above the ocean-level, 
the breakers would attack it, gradually removing the 
land, and producing clifiB, which, though not at first 
high, would become more so as the inroads of the sea 
increased. If, however, on the contrary, the new 
coast did not rise abruptly above the sea, but was low 
and bounded seaward by a zone of shallow water, the 
piUng influ^ioe of the sea would produce dunea, sL* 
milar tb those on the low shores of western Smope 
extending from France to Denmark, and to those 
whi(ch separate the flat -district of t^ Landes. from 
the Bay of Biscay. Behind such dunes w^ should 
have masses of pent-up waters, such as acacQmmonly 
found in similar situations, and consequently similar 
results as to the kind of animal and vegetable life en* 
tombed, and to the nature ol the deposits focmed. 

It will be obvious that the less the amount of re- 
lative change of level produced at any one time in this 
area, the less would be the general amouiit of destruc- 
tive effects caused by it ; so that if the change be 
brought about by no greater exertion of force than 
tiiat supposed to be now observable in the Gulf of 
BotJmia, there need be no destructibn of species, the 
inhabitants of the shallow waters gradually retreating 
with the sea, so that there woidd be a general move 
of maiine creatures seaward, each particular spe- 
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cies keeping the same relative positicHis as regards 
pressure of water, temperature, aud other necesaary 
circumstances^ as before. One remarkable geological 
effect would, howerer, in this case be produced, and 
wOl appear more clearly, if we suppose the retreat of 
the sea to have been thus gradual to the vexge of the 
soundings, so that the Hne of 100 fathoms constitutes 
the coast. The whole of the surface would, to a very 
great extent, be covered by the remains of similar 8pe« 
cies> left on the bottom and enveloped by the usual 
causes as the sea retreated, and such species would be 
littoral. The deposit would clearly not be contem- 
poraneous, but it would be characterized by similar 
orgamc remains. It would also be based on other 
deposits formed in a similar way, but characterized by 
the presence of organic remains differing from the 
former, because they are the exuviae of .creatures 
which resided at greater depths; they would, however, 
be similar as regards themselves. 

Fig. 45. 

3 2 1c 

k I m . 
Let a b, in the above section, fig. 45., (and unfor- 
tunately we are compelled to make it exceedingly ex- 
aggerated on account of the small size of the page,) 
represent the level of the sea ; c, the land rising above 
it ; and c, d, some surface of rock upon which detritus 
or other matter forming beds, has accumulated. Let 
us assttine that, from the ordinary operations of nature. 
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m deposit takes place beneath the sea on the sur&ce e, 
d, and that this deposit constitutes a bed conformable 
to c, d, extending from 1, to and beyond d. The 
animals inhabiting the bottom, and whose exuviae, 
from the death of the creatures or other causes, are 
discovered in such a state as to lead us to suppose 
they had not suffered transport, but were entombed in 
the sands or mud, in which they lived, would probably 
differ in a general manner, according to the depths 
of water above them. They would be suited to the 
various levels h A', g g\ff\ e e', and consequently 
the organic remains are not likely to be precisely the 
same at the depth d^ and near the coast c, though en- 
tombed in a bed of contemporaneous production. 

If, now, the sea retire from 1 to 2, so gradually that 
tiie species are not destroyed, but as gradually change 
tilieir places, retreating seaward, there would be a 
general move at the various depths in the endeavour 
of the animals to keep under conditions, as to pressure 
and other circumstances, similar to those under which 
they lived prior to the relative change of level. Con- 
sequently, the new surface from 2 to 3 would be co- 
vered by creatures similar to those which previously 
existed on the surface from 1 to 2, now converted into 
dry land. Hence, the organic remains then entombed 
from 2 to 3 would be similar to those previously im- 
bedded from 1 to 2. The like would happen if the 
surface from 2 to 3 became dry land, the littoral crea- 
tures moving to another lower surface, and so on to 
the various depths. We may thus obtain the succes- 
sive beds k, I, m, which, though they present similar 
organic remains horizontally, are not contemporat 
neous« Unfortunately the diagram (fig. 45.) is ne*i 
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cessarily so exaggerated, in order to render it at all 
intelligible, that the close approach of the beds to 
horizontality, and consequently the extremely small 
angles at which the lines of equal depths would cut 
tiie consecutively formed beds, is not apparent, and 
may require some little trouble to conceive. When 
we consider the area zoologically, it will readily be 
admitted that it is variously inhabited according to 
temperature, depth of water, and bottom, and that the 
influence of the two former tends to produce zones of 
difierent kinds of animal life. When, however, at- 
tention is called to the angle which the surface of 
the bottom of the area under consideration, viewed 
generally, forms with the horizon, there is great 
difficulty in showing those who couple ideas of vast 
depths with all seas, that this angle is as small as it 
really is. It probably does not amount to more than 
that which the flats, as they are termed, uncovered to 
a great extent by low water on. certain coasts, make 
with the sea at the same time ; if indeed it be so great* 
It is necessary to call attention to this circumstance,, 
otherwise it might be supposed that the beds noticed 
in the diagram would present such obvious changes? 
in their zoological contents that no one could possibly 
avoid perceiving the difference of organic remains in 
the contemporaneous deposits, and consequently not 
imagine that the same kind of exuviae was character-, 
istic of only one deposit and one epoch. When,: 
however, the angles above noticed are taken into 
consideration, the readiness with which the two 
things may be confounded will become apparent*. 

* The author has purposely avoided all consideration of the' 
area being part of the suriace of a sphere or spheroid, and con- 
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. It will be obyions that if instead of the change of 
levels here supposed, and which should convert a large 
area into dry land, there had been a subsidence of 
the bottom of the san^e area to the amount of 100 
fiithoms, by which the previous line of 100 fathooos 
became covered by 200 fathoms of sea, and so in 
proportion over the surface, we should have effects the 
reverse of those we have previously noticed. Aa we 
supposed the greatest elevation to be beneath the 
British Islands, so we must now consider the greatest 
subsidence to have been in the same place, the amount 
of depression becoming less as we receded from these 
islands as a centre. If the subsidence were gradual, 
there would appear no reason, from this cause alone, 
why any species should become extinct, as they would 
not be left dry, and could readily work their way up 
to the levels proper for them. A large portion of the 
British Islands would be submerged, as would also 
be the case with a considerable part of Western 
Europe, even considering the depression not to fine 
off at a very small angle. Great physical changes 
would necessarily result, more particularly from the 
action of the waves and streams of tide among those 
parts of the British Islands which rose above the sur- 
face of the water in the form of numerous isles. 
There would be a tendency to equalize the depres- 
sions by the deposit of detritus, and consequently the 
remains of organic life, both animal and vegetable, 
would be entombed to a considerable extent. 



sequently that the lines are curves and not straight, as it did not 
appear necessary to the illustration of the subject under discus- 
sion, and would only tend to render it still more obscure Co the 
general reader. 
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Numerons* fiuTiaiile^ laeustcine, and estuary de- 
posits would, under thiese eircuokstances, be covered 
by marme £DcniatiQiis« gmdually or iBuddealy, as the 
ofaaDge of ImeU had been either slow or rapid ; in 
the £]Bt ^saae we .ahould o£ben have tmnaitipns of 
^ane Jdnd of life into t^e other, while in the latter the 
change f com one deposit to the other would be some- 
what abriqpt. On the bottom of the pvevioudly ex- 
isting sea. tiiere would be a general move of marine 
Jtfe towards tiie new lines of shore, in order to accom- 
modale itself to the new circumstances under which 
ittshould be placed, and thus the remains .of atiimals 
habitoalfy living in the deeper water might cover 
those of x^reatuzes whose habitats were in minor 
dcptiiB* and which had been deposited when the 
watoTB were generally less deep. 

Although marine •q>ecies would not be affected by 
tiiis diange of level, it would be otherwise with ter- 
restrial life, whesther animal or vegetable, and in cer- 
tain cases, with the inhabitants of fresh waters. As 
the sea rose relatively to the land, the lower lines of 
vegetalson, if not washed off the sur&ce and carried 
jiway by the action of the waves, tides and currents, 
would be imbedded to a certain extent in the rocks 
iormed round the shores. A comparatively sudden 
rise of water would greatly destroy the lower zones 
.cf vegetation, tiiough probably seeds would escape 
and be thrown on shore, so that eventually there 
would be much the same kind of vegetation round 
the smaller isles, as at present exists in the lower 
parts of the British Islands. As, however, these 
islands would be reduced throughout by 600 feet in 
height^ we should anticipate spme .change in the vege- 

s 
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tation of the higher regiom, more particularly when 
we coni^der the alteration of climate which, to a 
certain extent, would ensue from differences in the 
relative amount of sea and land in Western Europe, 
and of the height of the land above the ocean-level. 
Terrestrial animal life would also have to accommo- 
date itself to the new circumstances under which it 
would be placed, and much of it would necessarily be 
destroyed, though the species might not become 
locally extinct, at least not to any great extent. As 
great tracts of marsh occur at the lower levels, they 
would be the first covered by the sea, and their in- 
habitants must change their quarters to escape, not 
only from the inroad of the sea itself, but from tiie 
voracious creatures which such an inroad would bring 
with it. They would with difficulty find situations 
fitted for them, unless the relative change of level 
was so gradual that sufiicient areas of marsh could be 
prepared for them in proper time, which, considering 
the present rate of increase in such situations, would 
scarcely be probable. At aU events the area of dry 
land would be much diminished, and the same amount 
of animals could not find room in it : there would be 
considerable collision of species against species, abs- 
tracting man entirely from this imaginary condition 
of things, intended to illustrate geological events 
which occurred anterior to his existence on the earth. 
The weaker would ^ve way, and thus some species 
might be extermmated so far as the islands were 
concerned. 

We have thus dwelt at considerable length on the 
<x)n8equences of relative •changes in the levels of sea 
:anjQi land, to the amount and in the situation above 
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Qotieed, because they are sach as will aseist us in 
explaining many geological phsenomena, particularly 
among the fossiliferous rocks. We there find changes 
in the zoological or botanical characters of deposits, 
sometimes abrupt, at others exceedingly gradual, with 
very frequently no trace of awash of waters over the 
lower rock. There are no doubt many situations 
where there has been considerable abrasion of a lower 
fossiliferous rock before another fossiliferous rock was 
deposited upon it, but the localities are exceedingly 
numerous, where, notwithstanding a complete, or 
nearly complete, change in the nature of the organic 
remains, theie is nothing that marks an abrasion of 
the lower rock prior to the deposition of the beds 
which repose upon it. 

It is stated that certam species of shells are com- 
mon to the shores of Western Europe and to the 
eastern coast of North America, from whence it would 
follow that deposits now forming on the opposite 
shores of parts of the two continents may contain 
some of the. same species of shells. In this case con- 
temporaneous deposits, though at considerable di- 
stances, would afford some of the same organic remains. 
Such deposits are obviously not continuous: they 
merely form, as it were, a part of the fringe of sound- 
ings on the shores of both continents ; for the two 
coasts are separated by great depths of water, at the 
bottom of which the inhabitants of the shells in 
question could not exbt. We learn by this fact that 
equal circumstances as to pressiu^e of the surroimding 
water, temperature, light, food, and power of pro- 
curing air, may exist in two different localities, and 
the eggs of marine animals being transported by 

s2 
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natural causes from tiie one to the otixer, deposits in 
the progress of formation in sudi localities may, 
though not continuous, contain somewhat amilar 
organic remains. Hie same effects would, under 
similar circumstances, more readily take place at 

Fig. 46, 

a c ^ 




minor distances ; and the teas the distaiice the greater 
the probability, under the equal cooaditioiis above 
noticed, that the zoological character of the tiPD 
dqxnits vrouid be alike.- Let a and b {£g. 46.) be 
two opposite coasts viMber equal or nearly equal cli- 
mates, and e,/, two rocks, or aoenmulatioiBi of sand, 
silt; or mmd, nowincreasing mnderiiwikr cotiditions, 
and enveloping tiie remains of moHaacs living in and 
«^H3n their snifaces. Nowif the Bggsof moUuacB can 
be transported across the seat c^ fraui liie cast shore 
to liie other, Hiere will be a tendeDcy to eqoaiiBe the 
relative kinds of e r e a tore a in each mass of new-fonnaig 
rocks, e, f, in proportion to the proximity of tiie two 
•coasts a, b, ail other things being equal. The deep 
water d presents a barrier, not only to Hie pi o gaaiB of 
die molluscs by the bottom of the sea, but to die 
transport of the detritus itself, and therefore we hsfe 
deposits evidendy of the same age diancterized by 
similar organic remains, without ever having been 
conthmoufl ; a circunistaiioe wUch should be home 
in Kuad when we assume the tevMr continuty of 
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rocks solely because their zoological and botanical 
characters are similar. 

We have already shown that under the supposition 
of a rise of the bottoia of the sea lound the British 
Islands, to no greater amount than 600 feet, we might 
hare deposits, if the velatiTe change of level were 
gradual, Sorsied at difiermt times and characterized 
by the presence fif similar oiganic contents. We will 
now view the sabject in a different manner. If two 
coasts were sitaated relatively to each other as repre- 
seated abov«, and under the same conditions, (fig. 46.) 
and the one were subjected to oscillations, lising or 
kS&Df; beneath the general ocean-level, while the 
other remained firm, we should obtain a series of re- 
soks in the one case different from those in the other. 
While the one oontained exuviae characteristic of a 
Bttdne deposit, there might be great variety, not only 
ia the kind of life «itombed in the other, but also in 
the minaralogical structure of the rocks formed at the 
same time. It might also happen that a destruction 
of qpecies took place in the one situation, while they 
continued to exist as. usual in the other. Hence we 
shoidd have little or no resemblance in the organic 
c(»itents of contemporaneous rocks, though if there 
had not been these osciUationa in the one situation, 
while the other remained fixm, the conditions as to 
temperature, pressure of water, light, food, and the 
power of procuiing air, would have been such, that the 
ocganic remains would have been, to a certain de- 
gr^, similar in bo&. 
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CHAPTER Xm. 

We have hitherto ccmsidered marine animal life with 
reference to creatures living in particuhir depths of 
water, and which, when we regard those of the ocean, 
are comparatively shallow. The sux&ce of the de^ 
ocean teems with animal life, and is probacy not less 
well proportxonably tenanted down to depths where, 
£Fom the want of the necessary conditions, it ceases 
to exist. Fish, cnistacea, and molluscous creatures 
occur in the open ocean, and no doubt afford by their 
mutual destruction abundance of food to each other. 
To remain at ease, these various creatures must be in 
a, state of equilibrium as reganis the water which 
surrounds them. Most of them, if not all, have pro- 
bably the power of altering their specific gravities to 
a certain extent, by which they are enabled to rise 
and descend to and from given levels. Nothiiig is 
more curious than to see the ocean in a calm soddeidy 
covered with marine life of various kinds which must 
have risen from beneath the 8ur£ftce, where it re- 
mained until the circumstances previously noticed 
were suited to its presence. All these creatures have 
no doubt limits to their powers of either increasing or 
decreasing their specific gravities, so that we may 
readily conceive a stratum of water, if we may use 
the expression, of a given thickness irom thcf sndace 
of the ocean downwards, replete w^th animal life, the 
amount of life in the stratum itself, viewed on the 
large scale,^ decreasing with the depth, or in other 
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words, as tiie various conditions for its existence be- 
come imfaTouralde. 

What the actual depth may be beneath which 
animal life does not exist in ihe ocean, we have yet 
no good data for ascertaining ; but that there must be 
sueh a limit, to at least any kind of life analogous to 
that with which we are acquainted, there can be little 
doubt. Now though this life may be, and probably 
is, principally supported by a system of universal vo- 
radty, one creature devouring another, every creature 
bong moreover provided with the best means of ob- 
taining its prey, we can scarcely conceive this kind 
of rec^rocal and universal banquet so complete that 
ibme creatures may not here and there escape and 
die natural deaths. When a creature did come to its 
end nattvally, the diances of its not being devoured 
would still be small, for at the time of its death it 
either was or was not in equilibrium as to the sur- 
rounding aqueous medium. If it were at a depth 
which it required the power of muscular exertion to 
retain, death would terminate tins power, and the 
crestore would rise or fall as the case might be, like 
any inoiganic body, and arrange itself according to 
its relative specific gravity. It would cmly descend to 
the bottom of the ocean if it were specifically heavier 
than the waters of the sea. 

Now though numerous creatures living in the open 
ocom contain parts of much greater specific gravity 
than sea-water, their bodies, including fleshy matter, 
are, taken as a whole, generally of the same density 
as sea-waters at moderate deptJis. Indeed this seems 
almost a necessary condition for their habits. Wiien 
a marine creature dies, therefore, it would probably 
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remaia sospoided ia the wailer at levehi Aot vesy 
different from that in which it parted with life^valm* 
tike gaseous contents ol air^btoddem expanded tf»n> 
siderably from, the wont of mnsenlar cbmpresaRMi. 
Decomposition of the fiea^ ssaltcr woold^ aancmg 
other things, produce gaseoiMi oompounds, and hence 
the relative specific gemtey of the body bcaag di- 
minished it would rise tovaids the smfEvc. We are^ 
however, not to sappose that the marme seavengeis, 
of which there appear to be many, would be icie; 
afid there is little probab^Utj tiiat the body would 
long remain undeveured even in ita pniteid condition. 
Upon the kind of creatures by which liie body any 
be devoured, would depend the chance of its aoKd 
parts, particalarly an entire past ISce a whole she}!* 
desc^iding to the bottom. If, for examplcrdie body 
of a Nautilus were consumed by numite cruataoea, it 
wovdd sink as tiie matter which rendered the dead 
creature as lig^t as the surrosmding water paaaed inla 
the animals feeding upon it. Finally the shell of the 
Nautilus would descend to the bottonirfor in all pro- 
bability no part of the waters of the ocean is likdy 
to possess a density of 2*64, "adiich would be aboaC 
tikat of a Nautilus, judging at least from the speciic 
gravity of N. umbiUcatus *. Should the dead NaaAikis 
be crushed by the jaws or palates of a large fiah, ike 
only chance of the descent of parts of the shell to the 
bottom would be after it had passed throi^h the 
animal. 

Altogether, we should expect any solid matttr, 
such as shells or their parts, deposited tA the bottan 
« 
* See the tpedfic gcavitiM of teraral <lt«lb, p. 7a. 



xTsiasmxD mxTM o9 obsvaxw fomils. 265 



of the deep oceaiu to be differentljr ckeiUBetaiieed 
ftoBEL tiiote oocorriDg in or on the bottoms of more 
sfaellow seas. In the latter oftse midtitades of tiim- 
delicate ehelh may readily be found entire, more 
particularly in the mnd and sands, vhich iar the most 
pait constitute their retreats; When a tiiin<*sheUed 
mollwc dies in sand or mud, its body is already 
^tombed, and the fonns of the sheUs are such as 
successfully to resist moderate pressure for soum tone, 
duiu^. which there may be an infiltration of foreign 
matter, producing an equal if not greater power of 
resistance tlian waa afforded by the original fleshy 
body of the mollusc. 

When we attentive study the mode in whick 
animal org^anic remains occur, we perceive that, 
though tliere are very considerable differences in the 
amount of their preserration, a very large proportion, 
of tfcem must have been entombed uninjured, and 
many alive, or, if not alive, at least before decompo-* 
sition ensued. Skeletons of Ichthyosauri and Pie* 
siosauri are sometimes found in the lias, with their 
various parts so connected, (traces of skin being even 
observaible, and the remains of indigested food still 
between their ribs, and where the stomach must have 
existed,) that we can entertain little doubt they have 
been entombed with their ffe^ upon them in liie 
mud, frequently calcareous, from whidi liie Has 
originated. Shells are often distributed in a bed in^ 
groups precisely as they would be at the bottom of 
the sea, and with tiieir parts so perfect ttat they 
appear merely covered up by matter which has accu-^ 
mulated upon them. At other times whole beds are 
composed of broken shi^s, el iowiu g ^t they have 
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been exposed to sai&cient violence to crnsli tiiem, 
before ^ey were accumulated in strata. The am^g 
of the sounding-lead so frequently brings up litlie 
nuLsses of broken shells from the bottom, that there 
can be little doubt that beds of broken shells exist 
t3iere» and only require to be covered with sand, mud, 
or calcareous matter, and then elevated above the 
level of the sea, to afford us strata placed similaily 
to tiiose we see in many rocks. 

We may fiedrly infer that the great mass of orgamc 
remains, like the accumulations of detritus among 
which such remains occur, was accumulated in mo- 
derate depths around coasts, and either on or around 
shoals at no very considerable depth beneath the 
surface of the sea. The chance of finding the greater 
part of Saurian and other remains of that class, and 
of terrestrial creatures near the land, is obvious. The 
latter creatures would have, as has elsewhere been 
observed*, but a poor chance of escape in a sea amid 
voracious aniqtals, all, great and small, ready to devour 
them. The greater part of fossil Saurians may be 
inferred from their structure to have lived near, or 
partially on, land. How far the Ichthyosaurus may 
have been enabled to keep the open sea, we know 
not, but its structure seems as well adapted for the 
purpose as that of a porpess. 

We refer beds to a freshwater, estuary, or marine 
origin according to the oiganic remains found in them, 
and which we may consider analogous to forms now 
discovered either in rivers, lakes, estuaries, or the 
■ea, or introduced into them from the land. This of 



* Geological If aaual| p. 340. 
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oouzse asBumes that particular forms have been con- 
stant from the earliest existence of animal and vege- 
table life, either to the waters of these respective 
utuaticms or to the land, and that the forms of vege« 
tables or animals of which there are no living ana- 
logues are such as to warrant our classifying them 
correctly either as marine, freshwater, or terrestrial. 
Generally speaking, the inferences which have been 
made as to the probable former habitats of the vege- 
tables and animals, the remains of which are entombed 
in various rocks, seem so well g^unded on analogy, 
that we are little disposed to doubt them. All the 
great and leading facts of this kind have probably 
been fairly explained, yet a little caution seems ne- 
cessary in minor points. Should, for instance, a Voluta 
or an Area be detected among the organic contents 
of a rock, it would at once be considered as marine, 
because both genera are generally known to us as 
marine, and probably in most cases the inference 
would be correct; there is, however, a chance of 
error in both instances, for Voluta magnifica is known 
to live high up in the brackish waters near Port 
Jackson in Australia*, and an Area inhabits the fresh- 
water of the Jumna, near Hamirpiir, 1000 miles from 
the seaf. Perhaps, if both these shells were ex- 
amined attentively, some modification of form would 
be observed : such attentive examination of the form 
in a fossil is, however, not always given, nor does it 



. * From the information of Mr. G. B. Sowerby. 

f Gleanings of Science, vol. i. p. 265, Calcutta, 1829. Also 
firom the information of Mr. O. B. Sowerby, who likewise states 
that a Nueula is discovered in the Ganges at Banda. 
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appear yety clear, d priori, what kind of modificaticm 
we should expect to find. 

The circunutanees whiofa might compel an animal 
to hve under conditions not common to the pairticalar 
genns or species to which it may hekmg, shoold also 
be well weighed. Mr. O. B. Sowerby informs me 
that an Astarte and a Cwriita, (neither of which is 
jet named,) two genera commonly tensidered marine, 
were found in pools in the ice near Mdville Island, 
therefore in waters, if not fresh, not very saline, it 
was remarkable that the umbones <tf these sheBs were 
worn, as is very conmumly tte case with those of 
freshwater molluscs. I am indebted also to the 
same experienced conchologist for the fact that Amh- 
don anaiiuMS, a common freshwater creature, lives 
abundantly in the West India Docks, London, and 
consequently in at least brackish water. That it 
thrives and breeds there is also ascertained, and one 
individual was found covered with thousanda of its 
eggs, showing that it flourished as much in the Dods 
aH in pure fresh water. The same mollnsc is aha 
found in the Commercial Docks, wheve it is accom- 
panied by MytiluB polfmorphu, a Danube and Vdiga 
shell, brought perhaps originally on the bottom of 
some vessel from the Black Sea. 

Dr. MacCulloch instituted a series of experiments, 
which enabled him to prove that '* the turbot, sole, 
plaice, mullet, smelt, atherine, horae^mackarel, pol- 
lock, loach, basse, rock-fish, whidng-pout, rockling, 
prawn, crab, and stickleback, may be habituated vrith- 
out difficulty to fresh water ; while all those which 
have hitherto had time enough, have bred and propa-. 
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galed"*. The sane flsOior txdk atteetiflB to otiier 
circwBstences t>f a aunikar load, suck «•» thftt the cod 
lives from choice in « freehwiKter lake in SheUand, 
and that the herring haa been discovered as a ooDstaJut 
inhabitant of onather body of freah water. That 
fteahwater fish, pSce mkd C^^mm, live from chcMoe ia 
tb& salt waten of the Casj^an, while the waters ai 
the ViAgBL are open to tfaem, has been long known. 
The fact also that salmon and other fish of the like 
hd>its can readily support chaages from salt to freah 
water, and vice versd, has often been noticed. It 
would iqapear from the experiments hitherto tried to 
cause marine creatures to live in fresh water, and fiwsh- 
water aaknals in sea- water, that if ^y be suddenly 
taken out of one water md plunged into the other, 
they ^e ; while if the water be carefully and slowly 
altered from one condition to tibe other, many crea- 
tures support the chmge. When freshwater lakes 
behind shingle- or sand-beaches, thrown nqp by the 
aea, are made to conmmnicate suddenly with the sea 
either by natural or artificial means, the sea- water, 
from ite'greater epeoific gravity, rushes as a body to 
the bottom <^ the kkes, and destroys the freshwater 
fish that it may meet wil^. A few remarkable in- 
stances of this kind have been observed on our own 
ceaAts. Had the changes been effected gradually, 
very' few of the freshwatw creatof es would probably 
have poished. 

There is also another circumsUmce to which attea- 
ticm shoold be paid. Many freshwater springs exist 
ia the aea» and will be more or less copious according 
to circumstances. Several of these springs have been 

* System of Geology, toL i. p. 330. 1831, 
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long known, and that in the Gulf of La Spezia, which 
discharges a very considerable quantity of water per 
second, has been celebrated since the days of Pliny. 
It rises with considerable force, so as to produce a 
slight convexity on the surface of the sea, and its 
waters are probably derived from a system of eavei"* 
nous passages in the neighbouring limestone rocks. 
There must be many similar springs in various parts 
of the world which remain unknown, because the 
fresh water does not rise with sufficient force to the 
surface. There must abo be thermal springs as well 
beneath the sea as on dry land, for the forces which 
cause their discharge seem sufficiently powerful to 
overcome the pressure of the sea. Moreover, if fresh 
water occur anywhere beneath the waters of the 
ocean, it will tend to rise from its inferior specific 
gravity without taking into account its temperature, 
which, supposing the springs thermal, would also 
cause their waters to rise. We should expect that 
such springs would produce an eBPect on the kind oi 
life within their influence. The following fact may 
perhaps be taken in illustration of such an effect, 
though part of the evidence is not so clear as could 
be wished. Fresh water rises through the sea, from 
springs in the bottom beneath, on a part of the coast 
of Java, not fax from Batavia. Now, it appears that 
Cyrena zeylanica, considered a freshwater shell, 2s ob- 
tained in great numbers in the sea near the same 
coast, and it is deserving of remark that the umbones 
of these shells are worn precisely as they so commonly 
are in those inhabiting fresh water*. It was not di- 

* From the information of Mr. G. B. Sowerby, who learned 
the &ct from Mr. Hardy, of the Madras ettablishment. 
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reedy proved that the water waa fre^, or neaily 80» 
where these shells were obtained ; but the inferenoe is 
highly probable that they lived amid freshwater 
springs. How far some individuals might be enabled, 
first to live in brackish water, and finally in that of 
the sea, so that there should eventually be two races 
descending from the same stock, one marine, the 
odier freshwater, is a separate question ; but from 
what has been above stated respecting similar changes, 
such an adaptation to circumstances is fax from im- 
possiUe. 

To obtain uniformity of organic life over the face 
of the globe, the conditions for its existence riiould 
be similar, or nearly so. Consequently, when we sup- 
pose that given rocks are characterized by similar or- 
ganic remains, we also infer similar general conditions 
of matter, whether aerial, terrestrial, or aqueous, over 
the area where such rock was formed, and in which 
the animals and vegetables existed prior to the deposit 
of the rock. We have seen that the distribution of 
animal and vegetable life is at present exceedingly 
variable, even under similar conditions as to climate 
and other necessary circumstances, so that actual 
contemporaneous and fossiliferous deposits in various 
parts of the earth's surface, would not contain similar 
organic remains. 

Wc have next to consider what conditions, if any, 
could produce greater uniformity in this respect. 
Upon the supposition that our planet is a mass of 
matter which has grs^dually become more cool from 
the radiation of its original heat, we should first have 
climates in a great measure independent of solar heat, 
though not of solar light. When the surface of the 
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earth 'would become ciificieatiy^QOol to {MBrmit the 
exiatence of anaial and vegetajble Me^ we also ialer, 
irom £he struotiire of ^at now existii&g on ear ^^be, 
die «adsteiiee of 'water in ks liquid stajte. 

From all analogy, we dboiild not aoppose that w»ter 
at high tesipemtiii«6 could eupport aBDnal or vege- 
table ]ife,but that its heatmust be at least xaodente. 
Now the distnbation of a theimal ooeim over vacaous 
parts of the -globe would have great idoifltteaee coot di- 
mate, and there wooM. bea great tendency to eqmdiae 
temperatures from this cause alone. The miont con- 
dition of the atmosphere, as it would be probably 
loaded with aqueous vapour under such oonditioas, 
would have little influence on manne life, exempt as 
r^ards light ; but it would be otherwise w^ tenes- 
tiial life, which would necessarily be much affected 
by it. One principal effect from the nearly unifbxm 
tempesatureof Ihe atmosphere nt equal heightBTomid 
our pianet, mi^it be great comparative stillneaa com- 
pared widi its present state. The equatorial and 
polar regions being at equal, or nearly equaJ tempe- 
■ ratures, the gveat cause of the present systoQ of winds 
would be wanting. In fact, all those atmospheric 
phtenomena at present due to the heat of ^le aun 
would scarcely be observable, and would only became 
apparent as the radiation of heat from the earth threw 
the atmosphere, as it were, under solar influence. 

Under the conditions here supposed, the waters of 
the ocean would, however, obey the laws by wiuch 
they are governed, and would arrange themselves ju> 
cording to their relative specific gravitiea, and -conae- 
qaeatiy, according to their relative temperatures. 
Under the above circumstances there would neceaaa- 



rily befjveat tknilonnitf of tempeiataie, the only y^ 
riotioBfrcf importBaoe arimglroiBdiffepeiiae of depth, 
the cooler water being lowest; for we may readily take 
the temperatane c€ the waters to be abore 40^ under 
these eottditioiM* TImm nlii^t be differaicoi in ma- 
nxie fife arinog from diffcrenoea of depth, but we 
should havea state of thattgs highly iMroiurable to ho- 
riaxmtal nn^nrmity. Aa^ however, the heat of the 
earth's sHifftce gradaaUybeeameless, theaeconditioas 
mtst necessaady have altered, until those we now wit- 
ness findiy obtained. If wa admit great heat withia 
odr ptsnet, which has, durkng a lapse of time, (diffieolt, 
fjcoia our limited ideas on snah subjects, to oonceiTe,) 
gradually by its deeiease permitted the surlfece to 
assmne its present state, and ooosecjaently allowed 
the sun to elercise its presemt inflnence, we obtain a 
Series of conditions, the lowest term of which is hi^- 
Yy favourable to uniformity in the d b tr ib ution of ani-* 
mal and vegetaUe Itfe over the face of the globe, as^ 
£ur as regards the ekeumstanoes we have mentioned, 
while the highest term is not thus iKvourah&e, the. 
intermediate terms presentiag condifions resembling 
the two extremes in pr^NMrtion as they reapectively 
approached or receded from them. To what extent 
uniformity m this respect has preyailed, admitting the 
theory of central heat, is another question, and its so- 
Itition will be best sought through the medium of 
fJBbcts ; but, d priori, we may be led from the analogy 
of actual ammal and vegetable life to suspect, that 
as similar co»htions do not necessarily now afford 
similar kinds of life, prior states of the sur&ce may 
also have presented like variations. We should, how- 
ever, still expect to h%ve iar greater unifcHrmity for-^ 
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merly than' at prtsent, in ae much as the chancy of 
such uniformity would be fieur greater in the one case 
than in the other. 

Organic remains are presented to, us under various 
kinds and degrees of mineralizatio|it Some have 
suffered little alteration* while others show a substi- 
tution of one substance for another ; so that, ia, fact, 
we have no part qf the original body, but a mineral 
substance of exactly the same form. There can be 
little doubt that these various states are due to the 
conditions under which the oi^ganic bodies have beeiv 
placed since they were entombed in rocks, both |« 
regards time and situation. 

Shells, whether terrestrial, freshwater or marine, 
are composed of carbonate of lime mixed with ''animal 
matter, those species in which the latter is in consi^ 
derable quantity nqt being numerous. The sohd 
parts of Crustacea consist of carbonate of lime, a 
small portion of phosphate of lime, and animal mat- 
ter. The bones of fish are formed of several earthy 
salts and animal matter, the latter greatly predomi- 
nating in those termed cartilaginous. . The bonea of 
mammiferous creatures chiefly consist of phosphate 
of lime, animal matter^ and qsurbonate of lime ; other 
substances, such as phosphate of magnesia, fluate pf 
lime, muriate of soda^ &c., being in comparatively 
small proportions. The enamel of teeth contains 
omnparatively a much larger proportion of phosphate 
of lime and a less amount of carbonate of lime than 
bone. As these bodies are not equally constitated, 
we should not expect that if placed.uoder equal con- 
ditions where there was a tendency of any given sub- 
stance or sttbstatices to act upou them« tfaiey would 
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retain their original component parts equally. If« for 
instance, all these bodies were placed in a siliceous 
sandstone, and water percolating through the rock 
were so charged with carbonic acid that it took up 
carbonate of lime in its passage and carried it awaj in 
solution, we might have the shells entirely dissolved, 
leaving only their casts, while the bones and more 
particularly the enamel of teeth, would suffer com- 
paratively little destruction. 

The extent to which matter in solution percolates 
through rocks has already been noticed, but it is no- 
where made more apparent than in the various condi- 
tions of organic remains. We frequently find forms of 
shells which, from all analogy, we may fairly consider 
to have once been composed of carbonate of lime, 
now composed of silica and sulphuret of iron. We 
cannot for a moment suppose that the animals which 
produced these forms secreted sulphuret of iron, or 
nothing but silica, as molluscs now do carbonate of 
lime. We therefore infer that there has been a sub- 
stitution of silica or sulphuret of iron for carbonate 
of lime, which we consider to have been the matter 
of the original shell. We next inquire in what situ- 
ations we find a substitution of either of these sub- 
stances for the original carbonate of lime ; and we 
find that silica is most frequently substituted in si- 
liceous rocks, and sulphuret of iron where iron pyrites 
are much disseminated. We thus arrive at something 
like cause and effect. It would follow that the greater 
the porosity of the rock, all other things being equal, 
the greater the probability of change; and, conversely* 
the more impervious the rock to the percolation of 
water, the less the probability of alteration in organie 

t2 
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remains. We should therefore expect that orgaiot 
remains in poroua silioeooa sandstones wonM be liable 
to greater change than in stiff days ; as we find to be 
tite £act. 

Various other eireumstanoes must necessarily be 
taken into account. Time ia an essential element* 
and ooie that cannot be neglected : effects that can- 
not be appreciable in short periods, became consider- 
able after the lapse of ages. Hence, all other things 
being equal, we should anticipate that the greatest 
amount of change, if such be produced, would be ex- 
hibited in the oldest fosailiferous deposits. Again, 
the conditions tmder which a given deposit may exist 
may differ from different states of the earth's surfikce 
in the area where it occurs ; it may be covered by one 
kind of rock ait one time, and by another at another, 
tiie former having been iemoT«d by various denuding 
causes. Any districts where newer rocks have co- 
vered older deposits, and the whole has subsequently 
been so acted on that portions only of the newer re- 
main here and there on the older rocks, will show 
the effects that may be thus produced. Let us, for 
instance, take the lias or inferior ooHte of part of 
Dorsetshire. These rocks have subsequently to their 
formation been covered by large overlapping masses 
of green sand, ehalk, plastic clay, and periiapa many 
other Bupracretaceous deposits. A large proportion 
of the^ overlaj^ng rocks is now sw^t away, and 
the lias and inferior odite exposed over comparatively 
eonsidendde areas. 

It wiU be evident that water percolating to the in- 
ferior oolite or the lias, under the different conditions 
above noticed, mfij be charged with different sub^ 
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stances in Bolution, and the efiects be modiiied ac- 
eordingiy. At the present day, the effects may be 
different at those places vhere water percolates 
thzongh the sdpeiiiicui&bent chalk and green sand 
still left on the tops of the high hills, from those where 
tile rain-water falls immediately on the inferior oofite 
or lia&. The lias might at first sigfat be considered as 
offering great resistance to the percolation of water ; 
and so it and all other similarly constituted rodcs do 
offer resistance; but that water permeates among 
ti&em» though not so rapidly as in more porous rocks, 
is certain, and the amount of that substance dissemi- 
nated is considerable, as may be readily ascertained 
by weighing a piece of lias marl when first taken 
from' the rock, (at some depth,) and again weighing 
it after the moisture has been expdled by heat,^-«t 
least in a great measure expelled, for to effect this 
completely is difficult. 

The constant solution of matter by the percolation 
of water through rocks is proved by the chemical 
composition of spring-water, evidently thus derived, 
which no one would consider free from foreign mat- 
ter, and certainly no chemist wonld employ as pure 
water. Organic remains, like the odier component 
parts of a rock, are exposed to this action of water, 
which will produce greater or less effects according 
to circumstances. A priori, we should anticipate that 
shells imbedded in limestone rocks would suffer the 
least apixurent change, as they are surrounded by a 
substance similar to that of which they are composed ; 
and that if the original carbonate of lime be removed 
by the percolation of water, the hollow or mould 
would be again filled with carbonate of lime, more 
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or leas crystalline according to the time requked to 
complete the infiltration. Now thia seems to be ac- 
tually the case in nature. 

It is generally considered that sulphuret of iron is 
a substance insoluble in water, and hence that the 
organic remains frequently composed of it in marls 
and days have suffered a chemical change otherwise 
than by infiltration. There is much difficulty in con- 
sidering this view correct, particularly when we re« 
gard the manner in which tiie sulphuret of iron fiUs 
up the moulds or cavities left from the removal of the 
sheU by solution. All the appearances seem so (dosely 
analogous to those of the infiltration of silica, which 
no one seems to doubt, that there is ccmsideraUe 
difiiculty in believing that the cavities left by the 
shell have not been filled in both cases by the infil* 
tration of water containing the matter in soluti(Hi 
now deposited in the cavity. It by no means follows^ 
because sulphuret of iron may not appear soluble 
when experimented on in our laboratories, that it- 
really is not so in such small quantities as to be 
appreciable only after a great lapse of time ; or that 
conditions may not exist in natural processes &vour- 
able to such a solution which are either not attainable 
or have not hitherto been employed in those which 
are artificial. 

In some fossils, portions are composed of one sub* 
Stance and portions of another. In anmionites, for 
instance, we sometimes find the walls of the ceUfc 
formed of sulphuret of iron, while the cells themselves 
are filled with carbonate or sulphate of lime« Tlie 
question then arises as to which of the substances 
firat occupied their present respective places, and it 
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hfbe often irery difficult to answer, bccaiue ve are 
imt certain how many changes may have been pro- 
duced* It wotdd, however* appear certain in such 
cases as these, where a part corresponding exactly 
with a previous organic form is replaced by one 
substance only, that there had not at one time been 
a complete cavity in the rock corresponding to the 
volume and form of the whole ammonite, but that ai 
the cdb Were in all probabiUty originally hollow, 
they were ftrst filled, and that the original walls of 
tiie chambers were afterwards removed and replaced 
by sulphuret of iron. This view is borne out by ih» 
appearances observed when the original wall of the 
edls remains little changed, and the cells are only 
partially filled up, the cavity being lined with crystals; 
commonly of carbonate of lime, resting against the 
WaUs of ihe chamber ; it appearing requisite that the 
chSmbers should be filled by some foreign matter be* 
fere any substance can replace the waUs exactly. 
We have often had occasion to observe, when these 
chambers were only partially filled and were broken 
into, the whole being in place in the rock, that they 
contained water; a condition higldy favourable to 
the development of that crystallization which we often 
observe in them. 

There is another kind of mixed matter in organic 
temains which shows a change in the nature of. the 
infiltration into the same cavity« in the manner of 
some agates : it is one, however, by no means very 
common* After the carbonate of lime of the shell 
has been removed, and an exact mould of it left, in- 
filtration of matter has taken place and lined, if not 
oitirely, at least to a considerate extent, the putetf 
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•idetof the cavit7. A change has then been tfiected 
in liie matter infihisted, luid a new Bttfaeteiice fib the 
interior of die eaTity. ThieiawdliUuttrated byeome 
of the gryphites found in oalcaxeo-ailieeoas rocks at 
St. Hospice, near Nioe, the outer and thinner paiti 
of the shell being replaced by a chalcedonic substance 
and the interior of the thick parts by crystaHized car- 
bonate of lime *. 

We generally find that the phosphate of line 
contained in bones retains its place with eonsideiabie 
tenacity, even in rocks of very great antiquity, pre- 
cisely as we riiould expect, since phosphate of lime 
is so little soluble. Consequently we rarely find 
bones ocnnpletely replaced by siHca, crystallized car- 
bonate of lime, sulphuret of iron, or suljd^ate of Hme, 
substances which so commonly replace shells. Ail 
these substanoes occasionally eater into the structUK 
of the bone, replacing the animal matter, but the 
phosphate of lime remains. We thus sometimes aee 
fossil bones strongly impregnated with, silica and sul- 
phuret of iron acoofdiug to the different oonditioBS 
binder whioh they have been placed. The latter 
iiequently enters into the composition of bones im- 
bedded in ekys, more particularly when sulphmet of 
iron is common in the rock. Saurian remains undes 
such cireumstanoes often contain a large quantity of 
iron pyrites, but the structure of the bone is not 
decftroyed, the sulphuret of iron having ooily repfaeed 
the more soluble matter of the bone. 

. • It nisht be mppoMd thero would be s di0lculty in ths 
infiltration of carbonate of lime under such circumstances, but 
similar facts, though rare, are observable in agates, which 
to re^yln the isoK sxFlsMtJisn. ....*: 
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' 111 «ome rocks, cavities once occupied by slieDs are 
ooflunoQ, axid we have onlf what are termed coats *, 
These cavities occur both in calcareous and siliceous 
vodcs, and also in certain argillaceous slates, but 
they are rare among clays and marls of the more 
modem fossiliferous rocla. They may perhaps be 
eooaidered most frequent among siliceous rocks. 
Mr. Cbnybeare long since noticed some smg^ihiT 
effects, resulting from the disappearance of the 
matter of the shell, in the chert of the green sand 
near Lyme Regis f. The shells, prior to their 
bem^ entombed in the rock, were pierced in various 
directions by parasitical creatures in the manner so 
friequendy observable in the common oyster. After, 
therefore, the shells were imbedded, and when the 
silica arranged itself in the shape of chert beds, it 
infflktrated into all the little cavities formed by the 
parasitical creatures, so that die carbonate of lime of 
the shells being eventually removed, the radiated uid 
father forms of these little passages and chambers 
appeared like stars and fine filaments of silica in the 
principal cavity once occupied by the sheU. Sudi 
flippeftrances are not uncommon, particularly in chert. 
Of all the substances which have either replaced 
or covered up organic matter, silica affords us the 
most beautiful and instructive results. It has insinu- 

* These cavities, which 9xe more properly moulds, for the 
most part represent the external parts so accurately that very 
elegant CMtfi may be obtained from them. The tubstanoes that 
can be employed are necessarily various, but very beautiful casts 
can be taken with little trouble in wax. When we consider the 
fiuility with which such casts may be obtained, it appears some- 
what nngukur that our coUeetions do not contain more of them, 
)>artieiilarly as they would often be important 

f Geological Transactions, Ist series. 
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ated itself into all the little pores, and we 'thM see 
vegetable and sometimes animal strncture in a man-* 
ner scarcely attainable by any other means. Some 
of the fDssil vegetables from Antigua are particularly 
remarkable in this respect. There are specimens 
where the silica has protected the fronds of palms, 
or something analogous to them, in their unexpanded 
state, from decomposition after it had commenced. 
Now as these plants from Antigua are of kinds in-< 
dicative of a warm dimate,. this infiltration of silica 
arresting decomposition must have been rapid, and 
the plant must have passed very quickly from. the 
coniHtions under which it grew, to those where it 
received at least its first protecting coat of silica *, 

A rapid infiltration of silica would also seem ne<^« 
sary -for the preservation of those alcyonic bocSes 
found in the flint and chert of the cretaceous aeiiesi 
The structure of these bodies is ill fi^ed to resist 
pressure, and the state of their preservation is com^ 
moidy such as to justify us in supposing that they 
have never been exposed to it, at least until mineral- 
ized in the rocks wher6 they are now found ; for 
their original texture is often as beautifully preserved 
in silica as if this substance were suddenly introduced 
into, and filled up a sponge under no greater pressure 
thaii that of the sea or the atmosphere. 

All those who have collected organic remains from 
the rocks themselves must have observed how fire" 
quently they are compressed in marls, clays and 

* Some beautiful specimens illustrative of this fact were thre^ 
<Hr four years sin<» sent with numerous fossil siUcified plants fron 
Antigua, and are now in the collection of the celebrated botanist 
Dr. Robert Brown* 
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argillaceous slates, compared with the fossil contents 
of limestones and sandstones. This is what we 
should expect ; for the two latter, more especially the 
limestones, could have received little compression 
from superincumbent weight after they were first 
deposited, compared with the mud from which the 
clays, marls, and fossiliferous argillaceous slates have 
been derived* When we recollect that every rock of 
the density of 2*6 and 500 feet thick presses with a 
weight equal to about 577 lbs. upon the square inch« 
we may readily conceive that the particles of mud 
beneath such a weight would be squeezed together ; 
and yet it may be considered small when compared 
with that to which many marls and clays must have 
been subjected. Shells and other organic remains 
contained in the mud must give way, and become 
compressed or fractured, as the case may be« and as 
we now find them in such situations. 

In limestones, on the contrary, organic remains 
generally retain their original forms, and there is 
little evidence of compression, except in seams of 
marl which may be interstratified with them. The cal<* 
careous matter appears for the most part to have been 
deposited among the oi^ganic exuviae from aqueousr 
solutions of carbonate of lime, in the manner we 
observe on the small scale in different situations. 
Solidity probably accompanied the envelopment of 
the org^anic remains, and hence they could not be 
compressed. The same also has probably, to a cer^ 
tain degree, happened with the exuviae in sandstones, 
the rock containing them not being capable of com-' 
pression to a great extent. Variations in this respect 
may often be seen well illustrated in alternations o£ 
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sandBtone and shale, or in the mineralo^cal passagei 
of one intx> the other. In some cases, also, we seem 
to arrive at the relative data when the compression 
of organic remains took place in shales and marls ; 
for calcareous and other nodules occurring in them 
present us with uncompressed, or but slightly flat- 
tened, organic remains, while other remains, precisely 
analogous and evidently entombed at the same time, 
are compressed in the shale itself. We have had 
occasion to remark that such nodules are aggregations 
of similar matter which have separated from the mass 
of mechanical rocks after deposition. Hence the 
compression in such cases took place after these 
aggregations of similar matter had been .effected. 

Vegetables have been entombed in various ways ; 
some appearing to retain the places where they grew, 
while others have been broken into fragments, 
floated about and drilled by the Teredo, or analogous 
ereatures, before they were imbedded in rocks. Others 
i^ain are accumulated in vast abundance in particular 
areas, producing that highly valuable mineral, coal. 
Fossil vegetables possess* great interest from the con- 
clusions that may be derived from them. Those 
which retain the positions in which they grew afford 
evidence of their tranquil envelopment by the matter 
which now surrounds them, while those which occur 
in detached fragments show that they have been 
transported. We necessarily infer the transporting 
power to have been moving water, and we judge of 
the amount of transport by the condition of the 
fragment. Thus when we see a multitude of deh'- 
cately preserved leaves, we infer a small amoant 
of transport, and thek* quiet envek^ment before 
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deoompoeition took plause. Changes in the c«ft« 
pouieiit parts of vegetables have been effected acf 
cording to circumstancesj but the carbon has most 
frequently remained firm, so that fossil vegetables are 
generally carbonaceous. Infiltrations of silica* car* 
bonate of lime, and other substances, into the pores of 
the plants, have sometimes taken place to a great 
extent, and occasionally there appears a complete 
substitution of new matter for that of which the 
vegetable was originally composed. When, however, 
we view the mass of fossil vegetables generally, a large 
proportion retain their carbon. 

The present condition of organic remains must 
depend upon the circumstances to which they have 
been exposed, both previous to and after their deposit 
in the various rocks where they are now detected. 
Without them we should have never known that 
any other than the present animals and vegetables 
had existed on the surface of the earth. By them we 
possess the most decided evidence that existing ani- 
mals and vegetables have been preceded by others 
which are not now discovered on our planet. We 
might, indeed, from the superposition of different 
mineral masses, learn that detrital and other matter 
had been accumulated at different periods on given 
parts of the earth's surface, and we might infer from 
the structure of such masses that they required a 
greater or less amoimt of time for their production ; 
but a knowledge of the possible variation of climate 
in any given area, and of the existence of animal 
and vegetable life previous to and different from the 
present, could never have been acquired by such 
means. It is to organic remains we turn for such 
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infonnfttion ; they teach us that man is a compara* 
tively recent creature on the fiace of the globe ; that 
creation has succeeded creation on its Burfieuie ; that 
life has existed on it from remote -geological epochs ; 
that climates have varied over the same areas ; and 
that there has been no stability in the modifications 
of animal and vegetable life since it was first cidled 
into existence on the surface of this planet. 
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CHAPTER XIV. 

Thb rocks of which the mineral crust of the globe is 
composed are necessarily divided into those of aqueous 
and igneous origin, from the two agents known to us 
as capable of their production. The terms ' stratified ' 
and 'unstratified' have been commonly considered 
as respectively synonymous with 'aqueous' and ' ig** 
neous '. Practically, this division is highly valuable ; 
but theoretically, it is not so satisfactory, at least, 
if we are to infer that all rocks divided into tabular 
masses, one resting on another, must have been 
deposited either chemically or. mechanically from 
water. We have seen in the case of the Cornish 
and Dartmoor granite (p. 104.), that there are cleav^ 
ag6 planes, dividing the masses into tabular portions 
and which might pass for strata, if there were not 
other systems of cleavage planes, dividing the whole, 
into prisms. Scarcely any geologist will at the pre- 
sent day suppose that these granitic masses have 
been deposited from water ; and if there should be 
any who do so, they certainly will not imagine that 
the deposit has been effected prism by prism, as men 
erect a building. Yet each of these planes tends to 
divide the granite into tabular masses, the most con« 
stant fissures being perpendicular vdth a direction 
from N.N.W. to S.S.E. ; and if the others were not 
apparent, the whole might be termed stratified. Few 
geologists would now apply this term to the masses 
i^ question; but there may be equivocal cases in othec 
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rocks and situations, where cleavage might not rea- 
dily present itself as a* sufficient explanation. 

Basalt may be divided into beds, and yet be of 
igneous origin. . This is shown on the coast of 
Ireland near the Giant's Causeway. That this mass 
of basalt is igneous lliere is abttmiaat evidence, tiutt 
txhibited at Kenbaan, where disrupted masses of 
chalk have been caught up in the fused rock, being 
particularly striking. Now the whole range of beau* 
tiful cliffs extending from the Causeway to Dnnse* 
verie Castle exposes a series of beds, some of which 
are columnar, others amorphous. They form a great 
curve, rising above the level of the sea. at one place, 
and descending into it in the other, the Giant's 
Causeway itself being composed oif a cokunnar bed 
where it cuts the sea^lereL It would appear that 
some of the basalt had become cokomar from canses 
which did not always obtain, so that the whole. waa 
not thus characterized. As the lines dividiiig the 
o(dumnar from tiie other portions are so deavly 
marked, we may infer that the whole mass of basalt, 
at least in the partictdar part of which this portioa 
of the coast is a section, was not in fusion at the 
same time, but that there were surfaces produced by 
succesinve layers of rock formed at different intervals. 
Witiiout this hypothesis, there seems a difficulty in 
explaining the columnar character of some layers, 
and not of others, and the general appearance of the 
whole. It does not, however, in the least follow that 
the whole is not of igneous origin, but merely that 
parts of tibe great basaltic tract of the North of Ire* 
land may have been produced after others, precisely 
as one lava current may succeed anotiierin a Tidcano». 
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and yet the whole be of one geological epodi. The 
only difference being the tabular character of the 
Irish basalt and the linear appearance of lava thrown 
out from a sub-aerial volcano *, 

The appearances exhibited at Staffa are precisely 
analogous. The trappean rocks of this island, so 
celebrated for its beautiful cavern, form three distinct 
beds, the lowest being a kind of trappean conglome- 
rate, the central being columnar, and the upper amor- 
phous and irregularly columnar* These beds, as no 
doubt is very commonly the case with those of similar 
rocks, are bf irregular thickness ; but they dip as a 
whole, according to Dr. MaccuUoch, at an angle of 
9° f. It is this dip which brings the principal bed of 
columns within the action of the breakers, enabling 
them to hollow out and form caverns where there is 
less resistance to their action than in other places. 
The columns being jointed at Fingal's Gave explains, 
as Dr. Macculloch has observed, the formation of that 
fine cavern X* Igneous rocks may therefore be strati* 
fied, that is, rest in tabular masses upon each other, 
such tabular masses being in all probability produced 
at different intervals of time. 

* When considerable masses of this basalt have been under 
equal circumstances at the same time, we find equal effects. 
Thus the columns of basalt at Fairhead must have been produced 
while the whole mass of basalt at that place was under equal 
conditions. They are the largest which have hitherto been no- 
ticed in any part of the world. The recent and accurate mea- 
surement of them by Lieut Larcom, R.E., of the Ordnance Tri- 
gonometrical Survey of Ireland, gives 317 feet for .the height of 
the principal columns of Fairhead. The sides of these enormous 
prisms sometimes measure five feet, according to the same gen- 
tleman. 

t Western Islands oi Scotland. X ^^^» 
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' As* therefore, sheets of igneous rocks, of greater or 
less aJ'e$L according to circumstances, may cover pre- 
existing sheets of similar rocks, and the result be 
stratification, that is, the successive deposition of 
one tabular mass of rock upon another at distinct 
intervals of time, we should be careful not too far to 
couple stratification with aqueous deposition. No 
doubt in the great majority of cases the one has re- 
sulted from the other, but we must not hence infer 
that the former can anse on/y from the latter. We 
have elsewhere * retained the division of rocks into 
Stratified and Unstratified, because it is exceedingly 
useful for ordinary purposes, and because it seemed 
convenient to do so until better terms be supplied. 
To have divided rocks into Igneous and Aqueous, 
would have been to prejudge every question con- 
nected with their origin; and although we should 
probably not err greatly in referring numerous rocks 
to the one or the other, there are many the origin of 
which we must prejudge, if we attempt, in the present 
state of geology, to arrange the mineral crust of the 
globe under such divisions. For the same reasons 
which induced us formerly to retain the terms 'strati- 
fied' and 'unstratified', we do so now; wishing it to 
be understood solely as a division of convenience for 
the purpose of considering rocks in their order of 
superposition and relative age. With this under- 
standing, therefore, we proceed to notice those which 
we have elsewhere classed under the head of ' Inferior 
stratified or non-fossiltferous rocks'. 

These cqyostitute the lowest of all stratified rocks, 

* Geological Mftaual, p. 37. 
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and in them no organic remain has ever yet been 
detected. They are cryatalline, pass much into one 
another, particularly in the lines of strike or direction 
of the beds, occur in no determinate order, and in all 
probability constitute a large volume of mineral mat- 
ter» supporting the great mass of stratified rocks which 
appear on the surftice of the globe. Their position 
relatively to the other stratified rocks, and their cry- 
stalline character, naturally suggest the idea that the 
one is somewhat dependent on the other. Wherever 
found, and they have been detected and examined in 
various parts of the earth's surface, their general 
character is the same. We hence infer a considerable 
uniformity ia whatever general cause may have pro-« 
duced them at the geological epoch when they were 
formed. We thus have an inferior position, crystal- 
line arrangement, and a general uniform structure, as 
characteristics of these rocks. We may therefore 
infer that there was a very general common cause for 
their production, and this necessarily leads us to a 
generally uniform condition of the earth's surface at 
this early period. 

It has been supposed that gneiss, mica-slate, horn- 
blende rocks, chlorite slates, and others of the inferior 
stratified rocks were deposited in the same manner 
as the beds of sands, mud, pebbles and limestones 
now forming, and that their present appearance is. 
due to the action of great and long-contiaued heat 
beneath, which caused the crystalline arrangement of 
particles we now see, the organic remains, where 
they existed, having been obliterated by these means. 
This hypothesis necessarily requires preexisting solid 
matter from which to derive the detritus and upon 

u2 
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which to deposit it; so that we do not see wiiat is 
gained hy it in support of the opinion that such 
causes only as we daily witness, or rather their effects, 
can explain all geological phaenomenea. But waiving 
this consideration, it is not apparent how the effect 
required is to he produced in the manner supposed^ 
We have no reason to imagine that great heat pre- 
vails at the bottom of the actual ocean ; if such "were 
the case, it would be made known by the temperature 
of the surface water. Now certainly no experiments 
made on the temperature of the ocean at different 
depths would lead to such a conclusion, while they 
might do so to one quite the reverse. Hence, supposing 
detritus carried to the lowest depths of the ocean, 
where in all probability it can never get from the 
want of a transporting power under ordinary circum- 
stances, it does not appear how it is to be heated 
there, except by heating and perhaps fusing the pre- 
existing bottom. Ghranting, however, that by some 
means or other great heat is applied to these detrital 
rocks, — and under the 4^eory of Mr. Babbage, if the 
bottom of a sea be covered by detritus, and central 
heat exist, there would be a tendency of heat to move 
upwards in the mass, so that the more the detritus 
was accumulated, the more the general heat would 
move upwards, and therefore detrital rocks deposited 
on a comparatively cold bottom might eventually be 
exposed to a high temperature, and consequently be 
altered,^ — we are still at a loss to understand how 
such exceedingly bad conductors of heat could be- 
come altered to the great depth which would be 
requisite. 
That mechanical rocks have been altered in the 
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vicinity of igneous rocks, argillaceous sdusts, and 
others assuming the appearance of mica-slate, gneiss, 
&c., is well known, and this has probably given rise 
to the whole hypothesis ; but there must necessarily 
be a limit to such alterations in proportion to the power 
of the stratified rock to conduct heat, and to the vo* 
lume and temperature of the heated mass, brought into 
contact with it. There is, however, a vast difference 
between a power of this kind and one capable of 
changing any amount of deposits, sach as are now 
daily forming, into all that immense mass of inferior 
stratified rocks known to exist in various parts of the 
earth's surface. We should conceive that, with such 
bad conductors as rocks, the distance cannot be very 
considerable from the igneous heated matter at which 
detrital strata could be altered without fusion and 
consequent total loss of stratification. To alter,, there- 
fore* such a mass of matter as that composing the in- 
ferior stratified rocks, seems scarcely possible in the 
manner supposed. Let us, however, consider, for the 
sake of the argument, that these deposits could permit 
the heat to pass through th^ca in such a manner that 
the particles of matter arrai^^ themselves in a cry- 
stalline form, and that stratification was preserved. 
We should expect to find that* the original detrital 
deposit, and the rocks produced by the crystalline 
arrangement of the same particles, were nearly, if not 
entirely, composed of the same elementary chemical 
substances, except periuips near the contact with the 
heated matter causing the alteration. 

The great distinctions which immediately strike us 
in the two kinds of rocks, are the large comparative 
prpportions of carbon and lime in modem dq)08its«. 
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particularly if fossiliferous, and the great scafcity o^ 
the former and the ccymparative rarity of the latter 
in the rocks under consideration. Shells and other 
calcareous organic remains, should they alter their 
form, would become crystals of carbonate of lime, 
and other obvious changes would be produced with 
the bones of saurians, and other remains, for we are 
not to suppose fusion but simple alteration in the 
position of the component particles, the carbonic acid 
retaining its plaee. Independently, therefore, of Ta- 
rious difficulties, and others might readily be men- 
tioned, the products required would differ chemically 
from those which would be obtained under this hypo- 
thesis ; and the same would be the case whether we 
substituted the supracretaceous, the cretaceous, the 
oolitic, the red sandstone, or the carboniferous groups, 
instead of the rocks now forming. More might, per- 
haps, be said for the mass of the grauwacke group, but 
we should still have serious difficulties. From what is 
here stated, there is little probability of the inferior 
Stratified or non-fossiliferous rocks having been de- 
posits similar to those now forming, altered by heat; 
and when we study the relations of the former to each 
other, the probability appears, if possible, still less. 

When the inferior stratified rocks are developed on 
tiie large scale, we generally find that gneiss and 
inica-slate are the most abundant rocks, constituting 
the fiar larger proportion of the mass. Hornblende 
rocks se^n to succeed in general importance, then 
the eurites and quartz rocks, talcose slates, chlorite 
slates, and argillaceous slates. Limestones and d(do- 
mites are so sparingly disseminated amid the mass of 
the rocks under consideration, that their relative vo- 
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hime in»^ be exceedingly gmall. They are, however. 
iB^iortamt in a theoretical point of view, as they show 
that tiie inferior stratified rocks were not altogether 
composed of various silicates, and that carbonates were 
formed among them, though in exceedingly small com- 
parative quantities. 

We have elsewhere* calculated the proportions of 
elementary substances entering into the general com- 
position of the rocks known under the names of gneiss, 
mica slates, &c. Such calculations are no doubt mere 
approximations, but they are sufficient to show us the 
kading^ chemical distinctions between the rocks in 
question, both as regards themselves.and those which 
have been since formed. Let us suppose that a large 
district is formed of gneiss and mica slate in equal 
proportions, -f-ths of the gneiss being composed of 
equal parts of quartz, felspar and mica, -^th of the 
same rock of equal parts of albite, quartz and mica, 
and 4ths of mica slate composed of equal parts of 
quartz and mica, the latter mineral being of the flu^ 
oric acid kind, we should have, as the mean of one 
hundred parts of the whole volume of such inferior 
stratified rocks developed in the district. 



Silica 71-87 

Alumina 1409 

Magneaia 208 

Potash 5-73 

Soda 0-55 



Lime 0-25 

Oxide of iron 3*45 

Oxide of manganese... 0'30 

Fluoric acid 0*45 

Water 0-86 



It will be obvious, that the relative proportions of 
tiie different rocks of the inferior stratified and non- 
fossiliferous group being fairly estimated in a given 

* Geological ftfaaual, pp. 440— '448. 
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distriot, an approximatioii towards the eleiiieatarjr 
substances contained in the mass may, in this way* 
be calculated with sufficient pxedaion for Tarious im- 
portant inferences. 

Taking gneiss, formed of equal parts of quartz, fel- 
spar and mica, to be' composed, as elsewhere calcu- 
lated'*', of silica 70*06, alumina 15*03, magnesia 1-66^ 
lune 0*37, potash 7*92, oxide of iron 2*97, oxide of 
manganese 0*20, fluoric acid 0*36, and water 0*66» 
and making this rock a standard of comparison* we 
obtain the following approximative difierences as to 
chemical composition between it and the rocks enn-ii 
merated beneath. 



SlllClk ••••••••••■• 

Alumina ....... 

Fotqah .......... 


A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


I. 


+1*86 
+0-17 
-3-65 
+3*31 


+3*01 
-1-95 
-1-86 


- 8-12 
+ 0-42 

- 4^55 

(KM) 

4. o-os 


-IfrflO 
+ 0"63 

- !•<» 

+ 7*73 
+ fi-92 
+ 0*39 
+ 1-06 
-009 

- 0-66 


- 6-35 

- 6-08 
-714 

+ B-ei 

- 0-12 

- 0-38 
+12-34 

- 0-80 

- 0-66 


+ 8-38 

- 9-63 

- 7« 

+11*54 
+ 1-63 


+fi-18 
-8-44 

+?*aD 

-OHH 


+5*14 
-0<IS 

+07* 
+0-83 
-0*36 

-a-97 

-0« 

+0-84 


+U*96 

- vSS 
-> 1-09 

- MB 

+ 0H)1 

- 0'9B 

- S-flO 
«»» 

- ©-flS 


Magnet ...... 


+(M)4 

-o-w 


+0'8S 


Fluoric add ... 


(Hnj+O-IS (H)0 

-0^1 J-l'll 4.11«75 


- 0-36-0*33 
+ 1-08 -1-89 


Oz.mangaiMte 
Water 


+<W)6 
-021 


+0*10 
+0-3* 


+ 1H» 
0-00 


- 0-20 

+ 0-84 


-0« 

+1-3* 



A. Gneiss, composed of equal parts of albite, quartz 
and mica ; B. Mica slate, of equal parts of quartz and 
mica ; C. Mica slate, of equal parts of quartz, mica 
and garnet ; D. Hornblende rock, of equal parts of 
hornblende and felspar; £. Chlorite slate, of equal 
parts of chlorite and quartz ; F. Talcose slate» of equal 
parts of quartz and talc ; G. Protogine, of equal parts 
of quartz, felspar and steatite ; H. Eurite, such as that 
of Nantes ; and I. Quartz rock, composed of equal 
parts of quartz and felspar. 



* Geological MaauAl, p. 440. 
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We tiius see that the modificationg of the principal 
rooks of this ebuns depend upon a few different com- 
binatioDS of a small numb^ of silicates. * These mo- 
difications are extremely interesting to trace in na« 
ture, where we often find the inferior stratified rocks 
pass from one into the other in the most gradual man- 
ner, more particularly in the line of their strike or 
direction, so that it is scarcely possible to see where 
the change precisely commences or terminates. The 
gradual increase or decrease of some one or other of 
the component silicates is quite sufiicient to alter the 
appearance of the rode, convertmg it from one known 
compound into another. These passages are, however, 
olten so singular, that to apply to them any of the 
names usually hssigned to given mixtures of these 
various silicates seems impossible, however convenient 
it may be to affix given names to the more marked 
comjwunds. 

Notwithstanding these minor changes, the common 
character of the whole mass is so striking that we are 
naturally induced to search for some simple cause 
productive of its common origin. If the theory of 
central heat be founded on great probability, as it 
seems to be, we should look for this cause in some 
one condition of the earth's surface at a given epoch 
which should present us with the uniform conditions 
required. Now, under this theory, there must have 
been a time when the mineral crust first became solid, 
and there must also have been a time when the mi- 
neral surface, being sufficiently cool, permitted the 
existence of water in its liquid state, lliese two 
events could scarcely have been contemporaneous, 
because we should infer that the superficies of our 
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Spheroid, when first solid, would still possess too high 
a temperature to permit water to rest in its liquid 
state upon it. A time, however, must come when 
the heated rock would merely allow the water to re* 
main liquid upon it, and there would be a condition of 
things in which a great mass of heated water existed 
on the face of the globe, which, driven off by evapo- 
ration, condensed in the atmosphere, and fell again 
into the mass beneath. Such a condition of things 
would necessarily be one in which neither animal nor 
vegetable life, analogous to that now found, could 
exist. Hence no organic exuviae could become en- 
tombed in any rocks which could result from this 
state of the earth's surface. It would also, be one 
highly unfavourable for the production of carbonate 
of lime, since the carbonic acid would be driven out 
of the water, and, consequenUy, no carbonate of lime 
could exist in solution. We should moreover recol- 
lect that lime itself is less soluble in hot than in cold 
water, for Dalton has found that one grain of lime 
requires for solution 

778 grains of water at 60° Fahr. 
1270 grains of water at 212° Fahr.* 

lime itself would, therefore, be sparingly dissolved, 
and we should scarcely expect to have any carbonate 
of lime in solution, and consequently none could be 
thrown down as a deposit. The case, would, however* 
be very different with the silicates; for numerous ther- 
mal springs afford evidence, that hot water is favour-* 
able to the solution of silica. 

We have next to inquire how far detrital rocks 

• 

* Turner's Elementi of Chemistry, 4th edition, p. 497. 
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might be produced under this condition of the earth's 
sarfioce. Surface currents are produced by winds, 
the friction of which on the water causes a forward 
motion in their direction; the uniform temperature 
of an atmosphere charged with hot aqueous vapour 
would not appear favourable to the production of 
winds causing currents of geological importance. 
The action of the tides, however, due to other causes, 
would be in full force : so that if there were inequa- 
lities in the earth's solid surface producing shallows 
and even land above the water, as when we compare 
the crust of the globe with its volume we should ex- 
pect must have been the case, there would be tidal 
currents capable of transporting substances to di- 
stances proportionate to obvious circumstances. If 
parts of the solid surface rose above the ocean level, 
the aqueous vapours would probably condense upon 
them, and running waters would be the result. We 
might, therefore, anticipate that mechanical rocks 
could be produced under these circumstances, and 
therefore should there be traces of mechanical rocks 
among the inferior stratified class, there would be 
nothing very remarkable in the circumstance under 
this hypothesis. We may, indeed, go further, and 
consider that such rocks would very probably exist ; 
for we may infer that, in such a condition of the 
earth's surfiace, disruptions of the thin solid crust 
would be frequent, and would be productive of great 
waves and currents of the water beneath, and in which 
the fractures and consequent agitation were effected. 
Such currents would necessarily tend to abrade and 
transport solid matter. 
Many of the inferior stratified rocks have evidently 
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been chemical products, and some perfectly resemble 
granites and greenstones divided into beds. This is 
particularly remarkable in that kind of gneiss which 
occurs in thick beds, and contains large disseminated 
crystals of felspar or albite, the plates of mica in which 
are not arranged parallel to the plane of the strata. 
Some. beds of hornblende rocks differ little from beds 
of greenstone. We have had opportunities of seeii^ 
how both these kinds of rock finally pass, in their 
lines of strike or direction, into common gneiss or 
hornblende slate with mica. The former by the gra- 
dual arrangement of the plates of mica into one plane, 
and the latter by the acquisition of mica, which, when 
sufficiently abundant, converted it into a highly schis- 
tose rock. These are very marked differences from 
tke facts observable in common granite or greenstonej 
and point to at least a considerable modification of the 
circumstances under which they have been produced. 
'We tiius obtain an absence of organic remains, the 
probable rarity of carbonate of lime, the prevalence 
of silicates, and the possible mixture of chemical and 
mechanical deposits. We should expect the inferior 
rocks also to correspond in their general chemical 
characters with those igneous products which have 
been thrown out at different geological epochs on the 
surface of the globe. Now this resemblance does 
exist, more particularly among the older igneous pro- 
ducts, precisely where we should expect to find it. 
All the conditions supposed would be highly fEivour- 
able to a mixture of the igneous rocks of the pe- 
riod with those thrown down from the heated ocean. 
And we should recollect that this ocean would c(m- 
tain numerous substances in solution, part of which 
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remain until this day. It is needless to point out the 
coincidence of these results with the facts observable 
among the inferior stratified rocks. If our planet 
were once fluid, as there is every reason to suppose 
it must have been, and if that fluidity were igneous, 
as in all probability it was, we can scarcely consider 
but that a condition of things somewhat similar to 
that noticed above should have obtained ; and, there^ 
fore, we should expect to find a series of rocks formed 
at that period diflering from those produced at later 
epochs, the most marked character of which should 
be the absence of organic remains. 
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CHAPTER XV. 

We now proceed to consider briefly some of the cir- 
cumstances connected with that important division of 
rocks which we have termed fossiliferous, and which 
show, by the organic remains entombed in them, that 
life was created on the surface of our planet before 
they were formed. It has been found that the Euro- 
pean fossiliferous rocks, those which have hitherto 
been best examined, may be conveniently divided 
into groups, as they present differences, more parti- 
cularly in their organic contents, which would appear 
to authorize such subdivisions. As the relative order 
of the series is never inverted, though parts of it may 
be, and are often absent, we have to a certain degree 
a record of geological events, as far as regards the 
appearance or disappearance of particular animals and 
plants over given areas. When known deposits are 
absent from the series, it becomes highly important 
to discover, if possible, whether they ever have or 
have not existed in the particular area examined. A 
given rock B may have been deposited upon another 
A, and have subsequently suffered removal by de- 
nuding causes, at least in the area examined, so that 
another rock C may be deposited directly upon it. 
When this has happened, we should . expect to see 
marks of erosion or some other evidence of the action 
of denuding causes on the upper surface of A ; and 
this evidence we frequently obtain. There would 
necessarily be in such cases an uncertainty as to the 
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succession of animals or plants which may have oc- 
curred in such part of the earth's 6uifieu;e. Now it 
may, and often has, happened that a rock such as G 
has been deposited on a part of the surface of A which 
has never been covered by B. So that should we be 
desirous of knowing in what manner given contem- 
poraneous and fossiliferous rocks may have been dis- 
tributed over a particular part of the earth's surface, 
and consequently the kind of animals and vegetables 
which succeeded each other, we must carefully exa- 
mine the conditions under which two fossiliferous 
rocks may rest upon each other. This is no doubt 
often a work of considerable labour, but much de- 
pends upon it. For instance, the lias rests quietly in 
many parts of England upon the red sandstone group, 
in the upper part of which group in the same country 
there are few or no traces of organic remains, and no 
decided development of limestone. It hence might 
be, and was long, inferred that there was no deposit 
containing organic remains between the lias and the 
magnesian limestone, and, consequently, that the kind 
of animals and vegetables whose remains were disco- 
vered in the lias succeeded those whose exuviae were 
entombed in the magnesian limestone or zechstein. 
It subsequently appeared that this had not been the 
case ; for a remarkable calcareous rock, the muscheU 
kalk, found in the upper part of the red sandstone 
group in parts of Western Europe, extending from 
Poland to the Mediterranean coast of France, con- 
tuns the remains pf creatures differing generally from 
those both in the lias and in the magnesian limestone. 
Hence the different animals and plants, known to have 
existed from their remains found in the two latter 
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rocks, did not immediately succeed each other in the 
Buropean area. Others of a different kind flourished 
at an intermediate period, and either did not live over 
that part of the area, where England now rises above 
the sui&ce of the sea, or there was something in the 
circumstances connected with the deposit itself, in 
the same situation, which did not permit the preser- 
vation of any part of their remains. 

Any estimate, therefore, of the succession of aniTWftla 
and plants which have existed on that part of tiie 
earth's sur&oe now known as Europe, requires much 
care and great caution, more particularly when we 
attempt, from the remains entombed in rocks, to 
sketch their distribution at a given geological epoch. 
If this requires great care, is not still greater caution 
required when we draw inferences respecting the ge- 
neral condition of life over the whole surface of the 
globe at any one geological period ? 

A large portion of the fossiliferous rocks have been 
produced from the deposition of matter mechanically 
suspended in water, and, generally speaking, the finer 
the deposit, the greater the appearance of the tranquil 
envelopment of the organic remains found in it. 
Subsequent causes may have compressed and frac- 
tured ^e remains in place, but aU other things being 
Sual, a fine deposit, such as we may suppose to have 
ce been mud or silt, but which is now marl or clay, 
is that which among the mechanical rocks affords the 
most perfect remains. As we have previously re- 
marked, compact limestones may be considered more 
as chemical than mechanical deposits, though strictly 
i^ealdng the carbonate of lime thrown down as a 
precipitate from water is insoluble in the latter at 
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the time, and is therefore mechanically suspended in 
it ; so that we should expect organic remains to be well 
preserved, as they are, in such limestones, the fine par« 
tides of carbonate of lime quietly entombing them. 
. A considerable thickness of sandstone rocks, the 
grain of which is often exceedingly fine, and of asso- 
ciated argillaceous slates and limestones, constitutes 
the lowest group of rocks containing organic remains 
with which we are acquainted* This is the grau<' 
wacke group. There is abundant evidence that mo- 
ving "water transported detritus and deposited it in 
beds ; these latter would, however, if measured per- 
pendicularly, present us with an aggregate thickness, 
so considerable, that we are led to inquire if there 
may not be something deceptive in the appearances 
observed. We have seen (p. 51.) that beds of sand 
may be formed above each other at angles up to 20^ 
or 30°, and cover a bottom of moderate depth in such 
a manner, that if they were measured as we do the 
grauwacke beds, the result would be extremely erro- 
neous. Now as the grauwacke measured in this 
manner usually gives us many miles of thickness in 
the different districts where it is observable, it would 
require either a depth of ocean we should have some 
difficulty in conceiving ever to have existed on the 
eartii's surfeuse, or a gradual descent of bottom, as th^ 
detrital matter was accumulated above, to an equal 
amount, in order to account for the thickness thus es- 
timated, on the supposition that the beds have been 
successively deposited in a horizontal manner. When, 
therefore, we have an explanation which does not re- 
quire more than the conditions now existing off the 
edges of soundings round various coasts,- it seems fair 
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to infer that much of tbia uppurently great thickneai 
may be.due to causes so far similar, that the detiital 
matter has been gradually moved forward oa the 
bottom, and thus thrown over into deep water, where, 
particle supporting particle* the resulting beds were 
inclined at ajoglea which, under favourable cireum** 
stances, approached 20^ or 30°. 

Among ttieae beds we begin to find a greater abun- 
dance oi carbonate of Ume, which, though still in small 
quantities eompared with the amount contained in 
the rocks somewhat higher in the series, shows a cer* 
tain change in the conditions under which rocks weie 
then, produced. Now though it is not always tbs 
case, 3ret we generally find organic remains in .the 
calcareous beds, and viewing this group as a whole, 
it is principally in the grauwacke limestones that the 
greater quantity of organic remains is detected. 

The difficulty of separating the grauwacke group 
from the inferior stratified rocks is extreme, for where 
good sections have presont^ themselves, and we 
have the lower and not the upper part of the grau* 
wacke series, the two classes of ibssiliferous and non« 
lossiliferQus rocks appear to graduate into each other, 
pnocipsUy by alternations. This is precisely what we 
should expect if tiie theory of central heat were oor* 
i<ect ; for the waters of the globe would, as the whole 
surface became cooler, rest more readily on the sur- 
jhce of land, and there would be a greater tendency 
to produce detritus, mesrs and other agents of that 
kind being m<Mre abundant. Solutions, also, whick 
depended on the heated state of the waters wouU 
become less frequent as these cooled. 
. As isom aU analogy we cannot conceive animal life 



to exist in greMj heated water, — ^which, morebrer, 
would in proportion to the heat in it tend to drire 
atmo^heric air out of it, — ^we must assume a mode- 
rately cool ocean as a necessary condition for the ex*> 
istence of marine creatures. When it became mode- 
rately cool above, there would be decreasmg tempe- 
ratures beneath, so that there would be different 
levels, which might be tenanted by differently con- 
stituted creatures. 

When we compare lists of &e organic remuns en- 
tombed in the grauwacke group wi^ existing marine 
life, as far as it is known to us, we find many genera 
common to both. Now if we infer that these genera 
have in general had similar habitats at the different 
epochs, which it must be confessed is an inference 
not altogether^ safe, we should conclude that they 
were either littoral, inhabitants of moderate depths, 
or iree swimmers in the ocean. The same circum- 
stances, connected with ihe medium in which they 
existed, must have affected the marine creatures of 
the grauwacke epoch as affect those of the present 
day. Creatures with eyes would require light ; those 
Hving habitually in small depths would not support 
life equally well beneath great pressure at connderable 
depths, and different kinds of bottom would suit dif- 
ferent creatures. The whole of the marine exuvia 
observable in the grauwacke is such that we may 
iaier it could exist at moderate depths, and that two 
or three hundred fathinns of water would suffice. It 
nay be said that we cannot infer the habitat of the 
Wrilobites, since nothing precisely analogous to Ihem 
has yet been detected in our present seas. This may 
be true enough as to tiie kind of bottom which they 

x2 
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may have preferred ; but as they possess eyes, we may 
flEurly infer that light was necessary to them, and that 
therefore they did not live at very considerable depths. 
They are sometimes entombed by myriads in the 
beds of a small district ; and as they are then oflben 
complete, and have apparently been imbedded either 
living or before decomposition took place, we may 
consider that some species at least were gregarious. 

It would not suit the plan of this work to enter 
into details respecting the organic contents of the 
grauwacke ; but if the reader wiU compare the lists of 
organic remains stated to be contained in this rock 
with the table of the known habitats, as far as regards 
depth of water and bottom, at the end of the volume, 
he will probably come to the conclusion that the 
marine life of this early period occupied bays, creeks, 
shallow open water, moderate depths, and the open 
ocean, precisely as marine creatures do at the present 
day ; that some genera have disappeared from the sur- 
face of the globe, while others still exist,and that many 
now known have not been discovered in this group. 
' As carbon is essential to the animal and vegetable 
life now existing on the surface of the earth, it seems 
f ah* to infer that it was always necessary to animal and 
vegetable life. Now it is worthy of remaik, that with 
the early appearance of life the calcareous matter in 
Tocks increased. Carbon being so exceedingly rare in 
the inferior stratified rocks, we are led to inquire 
whence it was derived. At the present day a large 
amount of carbon, combined with oxygen and forming 
carbonic acid, is thrown daily into the atmosphere 
through cracks or volcanic vents in the earth's crust. 
If there were a condition of the earth, as we have 
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supposed there was, when the waters were so hot 
that they could not absorb carbonic acid, and there 
was neither animal nor vegetable life to appropriate a 
part of its carbon, any carbonic acid thrown from the 
interior of the earth upon its surface would remain in 
the atmosphere, except such portions as could form 
compounds with the mineral matter rising above the 
level of the waters and sufficiently cool for the pur- 
pose. As the general surface of the world became 
cooler, these conditions would necessarily change, and 
carbonic acid would be absorbed by waters; these 
would then act chemically on various substances, and 
among other things they could take up carbonate of 
lime in solution, which without this addition of car* 
bonic acid would have been insoluble in them. A 
large proportion of carbon would be appropriated 
by the mass of animal and vegetable life when first 
created, and an equal volume of oxygen would 
be liberated for tilie support of the creatures then 
called into existence. The atmosphere would not 
only be tiius purified by the abstraction of a certain 
amount of carbonic acid, but it would also be ren« 
dered more fitted for the support of life by the ad* 
ditional proportion of oxygen thrown into it. 

Under the conditions we have supposed, we should 
' hav^e a sea of an uniform temperature at different 
levels, land rising above it in various places, and 
necessarily waters of different depths. Such con- 
ditions would be highly fiivourable to a certain gene- 
ral uniformity in the distribution of animal and vege- 
table life. It has been considered that this general 
uniformity does prevail in the organic contents of the 
grauwacke. This is certainly in a great measure true 
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with Tespeet to tiie gnrnwadoe kaowntonsin Siifope 
and Nordi America, the oiganic contents of wluck 
«re remazkably similar; bat fixmi this dicomstBiice 
it would be evidently vnsafe to condade more than 
that, in certain parts of die nordiem hemisphere, con- 
ditioDs for tiie existence of certain creatures were 
equal at the same geological epoch. What the con- 
ditions may have been in the tropics, and in the 
southern hemisphere at the same time, can only be 
conjecture, because die requisite data fail us. Until 
it was well understood that rocks of different ages 
may have the same mineialogical structure, giau* 
wacke was stated to be £dund in many parts Ix^ of 
the tropics and southern hemisphere ; but as yet we 
have no proof that the rocks so called are really audi. 
In all probability there must have been equivalent 
rocks in these portions of the earth's surfiace, and it 
will be highly interesting, as their oiganic contents 
become known, to see how hr they correspond with, 
or differ from, those of die grauwacke of Europe and 
North America. As we have had occasion to icemark» 
neither general uniformity of organic cont^its nor 
mineralogical structure proves continuity of depoait; 
therefore we migfat at all times hAve detached masses 
of land around which tJiere aught be deposits per* 
feody distinct as masses of matter, though they zoo- • 
logically resemble each other. 

The recent. researches of Mr. Murchison on the 
upper division of the grauwacke of Wales, and on 
the continuation of this division into the neighbour- 
ing English counties, have shown, at least as far as 
regards this area, that there i& even a marked di-r 
stiaction between the oiganic contents of the various 
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sabdmcions of tJaa portbn of tbe gnmwaoke, to tli«k 
we might expect still greater between it and tin 
lower diTiaioak* Sach ditftinotioiis would tnppeee 
dHuage of circumstances whick should affect liie ani* 
mal life previously existing in tfaia particntar aito* 
dtiiier causing a destruction of part of k, or the re^ 
moval of such part elsewheie in search of the con^ 
ditiiMis suited to it» How far a change in the organio 
GonteiKts of the Buropean grauwaeke should com« 
spond generally in this respect would depend on tiie 
similarity of the conditions to which the whole of it 
has been exposed ; so that, a priori, it wouM be ha^ 
saxdous to assume that the upper gmuwacke df Fo<* 
dolia, of the neighbourhood of St. Petersburg, of Swe* 
den and of Norway, remarkable for the general horit 
xontal character of its beds, presented exactly the 
same organic remains. 

The carboniferous group succeeds the grauwaeke 
in the ascending series of Europe*, and is so called 
because the great mass of European coal is included 
among the rocks of which it is composed. It is stated 
that a large proportion of the American coal is asso- 
ciated with the preceding group ; a statement which* 
at all events, can have nothing improbable in it, since, 
if terrestrial vegetation existed during the time that 
the grauwaeke was forming, there appears no reason 
why the remains of sudi vegetation should not be 
found in that group. Indeed the upper part of the 
grauwaeke group of Europe contains beds of anthnu 

* For the order of succegftion of the various groups of fosBilU 
JTerous rocks, with descriptions of them, and of the countries 
Where they have been discovered, the reader is referted to tlie 
QmAgtgpiBt^ Uaausl, and other geological worki. 
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cite with vegetable remains. M. £lie de Beavmoiik 
notices the occurrence of anthracitic coal in the grau- 
wadte of the Bocage (Calvados), and of the interior 
of Brittany, worked for profitable purposes, and con** 
taining the remains of plants which do not much difiier 
from those of the coal-measures, properly so called. 
The same author also refers rocks containing anthra- 
cite and fossil vegetables, forming a part of the south- 
east angle of the Vosges, to the same epoch. M. Vii- 
let considers the coal of 6t. Georges Chfttellaison re- 
f errible to the grauwacke ; and Mr. Weaver refers all 
the ceal in the province of Munster, with Uie estsep- 
tion of tiie county of Clare, to the same series. It is 
ui extremely interesting point to see how far ftd. 
justify us in concluding that vegetation and aiumsls 
have i^ppeared contemporaneously, or nearly so, on 
the surfJEu^ of the globe ; and further to study, if ana* 
logy can help us, how fiar both may have been suited 
to a state of the atmosphere diflPering from the pre- 
sent in the relative portion of carbonic acid contained 
in it. 

The researches of M. Adolphe Brongniurt on fossil 
plants led him to conclude, that during the early pe« 
nod when the plants entombed in the coal-measures 
flourished, the atmofiphere was more charged with 
cazbonic acid than at present, aiding the development 
of the gigantic species, the remains of which are there 
detected, and also protecting them when dead from 
being so readily decomposed by the atmosphere. Now 
this conclusion is remarkable, because we have arrived 
at the same by a totally different train of reasoning. 
It has also been further inferred that the carbon abs- 
tracted from the atmosphere, gradually fitted it fur 
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te ni^iiTatkiii of reptiles, and, finally, for mammifer- 
ouB animals. If the reasoning we have employed to 
show the changes that should take place, under the 
theory of a gradual reduction of the earth's tempera- 
tnre, approximate towards the truth, the atmosphere 
would also he purified when the waters hecame suf<« 
ficiently cool to permit the absorption of carbonic 
add, and the consequent formation of calcareous de« 
posits. We have shown that the volume of this gas 
locked up in limestones is enonnous, being at the rate 
of ISJOOO cubic feet for every cubic yard of limestone 
(p. 12.). .Even existing shells must contain a con-> 
sideluble volume of it, for in the two valves of the 
great Tridacna, now at Paris, and weighing 500 lbs., 
tiiere is, assuming them to consist of carbonate of 
lime, somewhat more than 3,250,000 cubic inches of 
carbonic add, and, allowing for animal matter, about 
3,000,000 cubic inches. We should tilius obtain, by 
a given reduction of the earth's temperature, a state 
of things fitted for animal and vegetable life, which 
was not so fitted at a prior period. So long as car* 
bonate of lime could not be freely formed in watersi 
the numerous marine creatures which require it in 
such comparatively large proportions, such as the 
shell-bearing molluscs, the encrinites and corals, the 
remains of which are found in the lowest fossOif erous 
deposits, could not procure it in the requisite propoii 
tions ; and hence, independently of the elevated tem- 
perature of the water, and of the difficulty of procu- 
ring disseminated oxygen, circumstances would have 
been ill suited to their existence'''. 

* Though once a disputed point, it seems now certain, more 
particularly from the researches of Mr. Gray (Phil. Trans. 1833)i 
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Those botanists who have peid attaitioii to the 
subject of lossU plants af;iee in coDBidenng tiie re* 
mains of vegetables detected in the ooal-measom as 
analogous to that of the tropics,, more particularly of 
islands in the tropics. Notwithstanding differences 
of opinion reiqiecting the particuhur existing geneia 
to which these plants may bear the greatest resem* 
blanoe, the high temperature of the climate at the 
time appears to be generally conceded. It has even 
been considered, from the great development observed 
to have taken place in certain kinds of plants, that tiie 
dimote might have been ultiu-tropicaL Now it should 
be recollected that these conclusions have been de* 
duced from facts observable between the parallels of 
40° and 60° of north latitude; so that should tiiere 
have been anything like an ultra«tiopical dimatrt in 
such latitudes, we should expect that a warm state of 
the atmosphere would be very general, bringing with 
it the consequences of such a state of things. 

It has been observed that tke grauwacke passes 
into the old red sandstone (as it is termed,) above it 
in one part of Britain, while conglomerates comsidered 

that molluscs have the power of dissolving their sheUs. That 
several have the power of piercing calcareous rocks has been long 
known. As water containing carbonic add can take up carbo* 
nate of lime which would otherwise be insoluble in it, it would 
appear to follow, that if the molluscs could impregnate water with 
Carbonic acid, and apply the water thus charged to their shells or 
calcareous rocks, the carbonate of lime would be graduaUf dis- 
solved. Now molluscs appear to form carbonic acid during re- 
spiration in the manner of creatures which breathe air ; and, 
therefore, if they could impregnate a p<»tion of water with this 
acid, which might be accomplished by confining the expired wa- 
ter to particular places, and, perhaps, respiring it several times, 
they would have the means of dissolving the calcareous matter 
either of their shells or of rocks. 
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to sepRMiit tii6 latter rest on tiie duRUpted edges of 
the former in aonother part of the same oountry ; 
showings in a oomparatiTely small area, that while 
tianqBillity pxerailed and ccmtinned in one pert of it^ 
discnpting forces were in action in another, prevent«i 
ing the continuous and quiet deposition of detrital and 
other matter. Professor Sedgwick has ably pointed 
out the range of tiie old red sandstone through Great 
Britain; and, alluding to the absence of that deposit 
between the carboniferous limestones and granwacke 
of North Wales, considers that the " old rocks of 
Nortii Wales underwent a great movement, anterior 
to tiie period of tiie old red sandstone, and that by 
this movement the bottom of the neighbouring seas 
WKs raised out of those causes which produced the 
old red sandstones*." The tilted character of the 
granwacke and the conglomerates here and there in- 
terposed between it and the carboniferous limestone, 
^rhich are often, as Ph>fessor Sedgwick observes, of 
great tfaidotess, show the application of force and &e 
destmcdve action of water. 

It can only be under favourable circumstances, such 
as tiiose which exist in the British Islands, that the 
connexion between the grauwacke and the carboni*^ 
ferous groups can be satisfactorily traced to consi- 
derable distances. In those situations, such as the 
southern parts of England and Wales, probably also 
on liie Rhine, where the two pass into each other, 
separation is purely artificial ; for, in feet, they then 
merely constitute the upper and under parts of a 
mass of detrital matter deposited tranquilly above each 

* Geological Manual, p. 391. 
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Other, and are therefore no more geoli^caUy sqwia* 
ble than the component strata of any given rock, sodi 
as the lias, which may differ quite as much in their 
organic contents. Such separation, however artificial 
it may be, has nevertheless its importance, as it shows 
the points where tranquillity has prevailed at equal 
geological epochs ; and hence, when fiacts shall have 
been sufficiently accumulated, we may the better 
judge of the relative amount of areas undisturbed at 
the same period. 

It was at one time supposed that oi^anic remaiiui 
were not found in the old red sandstone ; the recent 
researches of Mr. Murchison in ihe districts above 
noticed have, however, shown that this rock does 
contain organic exuviae, though they may> when we 
view the rock as a whole, be considered ezceedingiLy 
rare. Hiere was, therefore, nothing which prevented 
the existence of animal life at the period in that area ; 
and the fact of these remains being so found ia highly 
satisfactory, though, should we not have detected 
them, there would be no proof that animal and ve* 
getable life did not exist, even at no great distance 
from any spot where old red sandstone was discovered 
without them ; for many circumstances may have pre* 
vented their preservation in the rock. We should, 
however, generally infer that deposits of sand or mud 
round coasts, or in shallow water, would contain, all 
othfer things being equal, more organic remains than 
those formed in deep water. ' 

When we arrive at the carboniferous limestcme it- 
self, we have the first deposit of carbonate of lime of 
very great extent, and of a fair approach to purity, 
in the area now occupied by Western Europe ; for 
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though limestones are intenpened among the gnu- 
wacke rocks, and calcareous matter is often dissemi- 
nated through them, cementing the grain of detrital 
matter which has been derived from mote ancient 
rocks, the volume of limestone of equal purity in the 
one compared with that in the ottter is small. We 
do not mean to infer that this limestone is an uniform 
product of the period, even in the European area, 
much less that a contemporaneous deposit in America, 
or China is necessarily and fundamentally a carbonate 
of lime ; for such an inference would require perfectly 
equal conditions to prevail in all these situations at 
the same period. A considerable mass of carbonate 
T>f lime was, however, then thrown down in this part 
of Western Europe; and the abundance of organic re* 
mains detected in it, sometimes so great as nearly to 
constitute entire beds, shows that at least there was 
no scarcity of life in this part of the globe at that 
period. The great change in the nature of the de- 
posit is remarkable, and shows the prevalence of ihe 
causes necessary to produce this effect for a very con- 
siderable period. Geologically considered, it may be 
regarded as only one among many periods ; yet the 
time necessary to form this deposit, and to be sufficient 
to explain the facts connected with it, so little accords 
with the divisions of time which man commonly em- 
ploys, that there is great difficulty in conceiving the 
amount of ages which may be included even in a sin- 
gle geological epoch. 

The researches of Professor Sedgwick have shown 
that coal-beds, profitably worked, accompanied by 
sandstones and shales, occur at the same geological 
level, from Bewcastle Forest along the skirts of the 
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ChenotHilk to the Valley of die Tweed, as tlie car- 
boniferous limestone of tJie Sootk of En^and and 
Wales* This great diange by no means s^^fiean to 
be sudden, but gpradual. A series of beds, intorme- 
dtato between the mass of the oarbonifierons limeefcoDe 
and the ooal^measotes, and irhich in the southm 
parts of En^and is of litde importance, swells est, 
as it were, in Derbyshire and YorioBhire, presenting 
subordinate beds of coal. StiU proceeding noitii- 
ward, the carboniferous limestone itself becomes sab- 
divided by coal, sandstone and shale, the latter finallj 
acquiring considerable importance still further nodhi 
and the deposit taking the character of an ordmaxy 
coal formation, the calcareous matter liaving greatly 
disappeared*. 

Now if it be fioir to infer, as it appears to be, that 
the greater the abundance of coal with an abundance 
of YCgetaUes in the associated beds, and whidi bear 
no marksof having suflPored long transport, the greater 
the probability of dryland not hav»g been far disCasit 
at the time of the deposit, we arrive at the cfmcbanaa 
that, at the period when tiie carboniferous limesinne 
of the Sooth of England was produced in the sea, 
th^re was probably dry land in the part of the Euro- 
pean area not hr to tlie northward of the present 
Tweed. We should fur^er conclude that a gradual 
rise of Ais Hmd was effected, by which means ter- 
restrial vegetation travelled further to tiie south, so 
that its remains became abundantly entombed in that 
directicm, producing coal now found in Southern En- 
gland, Wales, and the line of deposits wludb appear 

* Sedgwick, Addrets to the Gsok^ical Sonetj, USU 



in B«lgii]Bi iad Narthem France, the contiBiiity of 
tlie whole being saperficially concealed beneath the 
red aandstone, oolitic, cretaoeoos and supracretaoeoua 
groupa of a part of these countries. 

This view would be borne out, if the fre^water 
deposit, with the remains of Cypris, Cythcrina, and» 
9fi a supposed, of a saurian, discovered at Butdiaihouse 
near Edinbuigh, should turn out to be, as it is oon« 
sidered to be by Dr. Hibbert, subordinate to the car- 
bonifafoufl limestone; for the freshwater lake or river 
where iJie deposit was produced would necessarily 
require dry land. The discovery of saurian vemains, 
if home out by oth«r circumstances than a tooth» 
would be most interestiiig, supposing no doubt can 
be entertoined respecting the geological epoch to 
which these beds are referred, as it shows us that 
the condition of the atmosphere was not then unfis- 
Tourable to their existence, though certainly we have 
no means of judging how far their respiratory organs 
were different from those of actual reptiles, enabling 
them to breathe an air more charged with carbonio 
acid. Mr. Murchison had previously pointed out 
that a freshwater limestone occurred at Pontesbury, 
Uffington, and other places in the eoal-measures of 
the Shrewsbury district; add as this also would re« 
quire dry land, we obtain another locality for it, which 
is the more interesting as the rocks being more recent 
than those of Burdiehouse, under the supposition that 
the latter are equivalent to the carboniferous lixae* 
stone, it accords vrith the view we have taken of a 
gradual rise of land from North to South*. It cer- 

* It has long been supposed that a large proportion of coal 
and its associated beds containing lossil plants were deposited in 
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tainly would by no means follow tiiat such land should 
be unbroken ; it might readily be divided into islands, 
in accordance with the views of MM. Sternberg, Bon6, 
and Adolphe Brongniart. How fiar similar af^ar- 
ances would lead us to expect a continuous mass of 
this land in the direction of the present continent of 
Europe, at the epoch of the carboniferous limestcme, 
it would be difficult to say $ but it is highly interest- 
ing to observe that rocks equivalent to the millstmie 
grit and limestone shales of English geologists be- 
come developed in Westphalia, and are there known 
as Rauer sandstein. These beds attain a considerable 
thickness at Amsberg, Merscede and Warstein. 

In some situations the coal-beds and associated 
strata of shales and sandstones, containing the re- 
mains of terrestrial plants, so alternate with lime- 
stones containing marine remains^ that unequal con- 
ditions must have arisen during the deposit of the 
mass of the carboniferous group, and in many in- 
stances there must have been an alternation of such 
conditions. If violence had attended the transport 
of the plants now converted into coal or discovered 
fossil in the associated beds, the appearance of tiiose 
in the latter would not be as we now find them : in- 
stead of appearing as if spread out by the botanist 
for examination, we should have had them oiished 
and disfigured. Moreover tranquillity >seems requi- 
site to explain the condition of those vertical or neariy 
vertical stems of plants discovered in the coal-mea- 
sures of different situations* where they have been 

fresh water, from the freqtient absence of marine remains among 
them ; but direct evidence derived from animal exuvise of which 
the freshwater character could not be doubted, was wanting. 
' * Geological Manual, p. 406. 
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gmdualiy enveloped by. different bede of sanditone or 
sbale, througb which they therefore appear to pierce. 
These &cts seem to require a alow depression of land 
beneath waters, in such situations that they were not 
esqxwed to the destructive attacks of waves or power- 
ful streams of water; and if these vertical or nearly 
veartical stems were always so situated with regard to 
assaciated beds that we mi^t presume the abs^ice 
of the sea» large freshwater lakes, such as those of 
North America, would appear to be the localities of- 
fering the best conditions for their entombment. 

The alternations of limestones containing marine 
remains, and of sandstones, shales and coal-beds with 
no trace of a marine creature in them, are exceedingly 
remarkable, and seem difficult of explanation without 
calling in the aid of oscillations of the solid surfaee 
of the earth, by. which very gradual rises and depres- 
sions are effected. In these cases the views of Mr. 
Babbage respecting the expansions and contractions 
of rocks, caused by differences in the power of the 
surface to radiate heat, may eventually be found 
greatly to assist us, more particularly when coupled 
with central heat, which would cause such effects 
very generally at different geological periods. No 
doubt great contractions and slow dislocations of the 
earth's crust, caused by radiation of heat from the 
earth generally, would produce numerous similar ef- 
fects from the variable manner in which the solid sur- 
face would be placed relatively to the waters resting 
on it ; yet when we add the variations which might 
subsequently take place in the expansions and con- 
tractions of rocks, in consequence of the new position 

y 
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given to great xniMBed, we obtain great additional aid 
m pfoduoing the efiects required. 

To trace even the probable positjoos of dry land 
ever the European area at the earboniferoua epoch 
would be most difficult, particularly when we recol- 
lect that what we term a geological epoch may Jui 
ehide a long series of ages, and that thus land may 
rise and fidl, be degraded and replaced, sometimes by 
the same, sometimes by greater, intensities o£ vanous 
forces than those the effects of which we daily wit- 
ness, and yet the whole be included in a geolog;iical 
epoch, or rather one during which a particidar group 
of rocks has been formed. 

Although over a large part of England, more par-> 
Ocularly the central and southern portions, the maut 
ner in which the red sandstone group rests .iq>on the 
carboniferous group is such as to show that Hie ktter 
was disturbed, dislocated, and partially removed be- 
fore the former was accumulated upon it, there ii 
great reason to suppose that in oth^ parts of the 
European area deposits still oontinned quietly to be 
thrown down on undisturbed parts of the carboni* 
ferouft series, so that no real line of s^mration can be 
wdl established between them. This, in hct, would 
be nothing more than that which took place rdiativdy 
to the grau wacke and oarbaxnferons groups, a portioa 
of a given area being disturbed while other poctkuis 
retained their original positions, deposits tnaquilly 
taking place upon them. We should expect, if dry 
land continued long to exist at or near the undis- 
turbed portions of a given area, that vegetable matter 
would be entombed in creeks, estuaries, ddtas, and 
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ddier sitaatioQB. Now it is by no mems improbable, 
mftking every allowance for the cleceptive appearanees 
caused by the coal-measure sandstones becoming red, 
is frequently happens, that the eoal of some parts of 
Europe, particularly of Lower Silesia and Bohemia, 
nmy be equivalent tb a part of tibe red sandstone se^ 

FK8* 

The previ^ence of a particular kind of rock,, such 
as the rot^egendes, the lowest member of the red 
sandstone group, over a considerable area, often re- 
maricabfe for containing fragments of preexisting 
rocks of such size as to constitute a conglomerate, is 
certainly exceedingly striking, partictilarly when it 
is observed that fragments of porphyries are abundant 
in many places. In Devon the porphyry is found im- 
bedded in the sandstones in fragments which even 
attain a size equal to three or four tons in weight. 
We will not here repeat what we have elsewhere* 
stated respecting the evidences of violent disruption 
in that part of England, farther than to point out that 
the coast between Babbacon^ and Dawlish afibrd)^ 
excellent opportunities for studying it. 

During the deposit of the rothliegendes, few or- 
ganic remains were entombed in Western Europe. 
When we rise above t^s mass* of led sandstones/ 
marls, and conglomerate, which marks the great de- 
struction of preexisting rocks over a large area, under 
circumstances which gave a general red tint to its 
deposit, we arrive, in the ascending order, at the se- 
cond member of the red sandstone series, named the 
zechstein, or magnesiaa limestone. This is a calca- 

* Geological Manual, p. 302. 

t2 
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reous deposit, of a somewliat variable aspect, though 
the extension of the lowest part of it, named the marl 
slate,, or copper slate {Kupferschiefer), from Germany 
into England is remarkable, when we consider its 
small depth, l^iis deposit is fossiliferous ; and cer- 
tain shells. Products, now appear in the ascending 
order for the last time, at least as far as observations 
have yet gone ; and we arrive at evidence that a sau- 
rian, analogous to the present monitors, existed at or 
near those places where Mansfeld,Rothenburg-on-the> 
Saale, Gliicksbnmn, &c., are now situated. We may 
therefore conclude that dry land was also then to be 
found in that part of the present European area. The 
copper slate is remarkable for containing numerous 
fishes of a particular genus (Palaothriasvm, Blain- 
ville, Palaoniscus, AgaBsiz,) which are found in it 
as well in Northern England as in Germany. There 
is nothing in itself remarkable in finding the same 
kind of fish in two places not further distant from 
each other, more than there would be in finding her- 
rings on the coasts both of Norway and France ; but 
they belong to a family of fishes which, according to 
the researches of M. Agassiz, have not been detected 
above the red sandstone group. He states that the 
genera Acanthodes, *Catopterus, Amblypterus, Paleo- 
ftiscus and Piatysomus, which form part of the family 
of Lepidoides, one that has no representative among 
known existing fish*, are not detected above this 
group. 

The zechstein has not yet alCpi^ded any remains of 
trilobites, which were once suppqs^d not to rise higher 

* Agassiz, Recherches lur les Poissons Fossiles, torn. ii. p. 3. 
Neiwhatel 1833. 
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in the series of rocks than the carboniferous lime- 
stone : the researches of Mr. Prestwich have, how- 
ever, diown that they are found in the nodules which 
occur in the coal-measure^ of Coalbrook Dale. The 
species differ from those detected in the lower rocks ; 
y^ the &ct of their being so found may lead us to 
suppose that, even among European rocks, there may 
be some chance of discovering the family continued 
up to the zechstein^ a deposit which presents a ge- 
neral zoological resemblance to the inferior fossili- 
ferous rocks, while it differs more considerably from 
those immediately above it., 

The zechstein does not appear to be a deposit 
widely spread over the European area. As yet it is 
princdpally known in Germany and England. It 
merely ajypears that at a given time calcareous mat- 
ter was thrown down in one place and not in another. 
We should expect to find organic remains in it, since 
the chances are that, when calcareous matter occurs 
as the zechstein does, we should discover organic re- 
mains more plentifully in it than in the other asso- 
ciated deposits, always excepting plants, which, viewed 
generally, are more abundantly detected in shales and 
sandstones than in limestones. 

A series of beds of sandstone or marl covers the 
zechstein : it is of varioiis tints of red, blue, white 
and green, thence known as the variegated sandstone 
{gres higarrd, hunter sandstein). It must not, however, 
be considered that there is anything peculiar in this 
respect to the rocks in question. Such appearances 
are frequent in various mechanical deposits, from the 
grauwacke upwards, and seem merely to depend upon 
the different states of oxidation of the iron, and, per- 
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lMf8« aometuMS of the vangineMu in the different 
bede. They are therefore sack as may be expected 
in the rocks of any age. The variegated aandatODcs 
do not abound in organiq remains. Fhinta have been 
detected in them, in Alsaqe and Lonraine» and it is 
remarkable that they differ from those in the coal- 
measures. 

It is almost needless to observe when we eontem* 
plate the red sandstone series as a whole, and coib-» 
sider that it is in a great measure composed of mattor 
which must have been deposited from watar where it 
was, for the time, mechanically suspended, that great 
variations should be expected at the same geological 
kvi^ls ; her^ clf^y or marl bdng found, there sandstone 
or copglomeratq, wlulej occasionally, calcareous ijpatter 
shcH)14' he di9per9ed among it, under favourable oir<» 
cmsa^ances, in sufficient abundance to oonatitate 
nyuneiy^us beds pf limestone* We should^ there- 
fore, ezpeot considerable changes, in &ct» preciBely 
those which do ooour, though often oveiiooked be- 
cause they are merely from marl to sandstone, car 
from sandstone to oonglomeiate. When, however, 
limestone appears, the alteration in the character of 
the deposit is so obvioivia and the rock itself employed 
for so many usefrd purposes, that this change is im- 
mediately observed, and we have it recorded. Mare« 
over, as these accumulations of calcareous matter 
usuaUy contain oiganic remains, tiiey more readily 
attract attention, and th£refore are seldom disn* 
garded. The muschelkalk is a calcareous deposit of 
this kind, found over a more extensive area than the 
zechsteln, but which does not extend into the British 
Isles, at least no trace of it has yet been detected in 
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them, notwitfantaTiding tlie gteii devtlapauut of the 
red iaadstone group m Great Briteiii. 

Hie muachelkalk in the countries where it ie found 
passes gradually into the rodcs above and benealli : 
there is nothing to show any violent meefaanical ac» 
tion ; on the contrary, all tends to prove tint l^e de* 
posits proceeded tranqniUy in those situations, and 
that the change was simply the substitution of one 
kind of matter for another. There was, it would ap» 
pear, a con^eraUe change in animal fife at tliia 
period, at least as far as we can judge from the or* 
game remains yet detected in the mnsehelkalk, which 
being merely negative evidence, is no donbt liable to 
much error. One remarkable circumstance connected 
with the zoological diaracter of this rock is the ab- 
sence oS numerous species of corals, for as yet one 
Only, Astreapeikulata, has been detected in it. San* 
rians now become more common, at least their re« 
mains have been more abundantly preserved ; and we 
find liie genera CrocodHus, Flesiosaurusand Ichthyo- 
sauruB, the former of which, eoppoeing that its re* 
mains are certainly detected in tiie nraschelkalk, has 
continued as a genus to inhabit the face of the gloibe 
since that early period until tbe present day, while the 
two latter have disappeared, apparclbtly even before 
the deposition of the supracretaeeous rocks, then* re- 
mains not having been detected in the latter. 

Above the muschelkaBE there is an accumulation' 
of marls mixed witii subordinate sandstones, whichf 
have received the name of variegated marls, from the 
various alternating tfuts of blue, green, white, or red, 
which they present. The organic remains as ye!f 
detected in them have been principally discovered in 
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WuitembuT^, Alsace, Lorraine* the neighbourhood 
of Boll, and the countries situated in that pavt of 
Europe. Two genera of sauriaas^ not yet chaoorered in 
the inferior rocks, Phytoaaurus and Mastodonaaiirvs, 
are discovered in these beds. There is also the same 
Ichthyosaurus (/. Lunevillensis,) which is discovered 
in the muschelkalk, and a Plesiosaurus. We may 
conclude, both firom these remains and the shdls 
found in the same beds, and of which the analogous 
genera now inhabit shores and moderate depths, that 
land was not far distant from the situations where 
these remains are now discovered. This conclusion 
is supported by the remains of terrestrial plants found 
in the same districts. 

' It is worthy of remark, that as feur as the European 
area is concerned, rock-salt is very frequently dis- 
tributed among the higher parts of the red sandstone 
series, from which circumstance it has sometimes 
been named saliferous, by way of distinction ; a term 
exceedingly objectionable, as it would imply either 
that at this geological period salt was mc^re abun- 
dantly deposited than at any other, or that it was 
confined to it. Of the former, when we regard the 
whole superficies of the world, and not a minor part 
of it, such as Europe, we soon see that we have no 
proof whatever ; and the latter. we, are certain is not 
correct, even when we examine the minor area itself: 
since salt is discovered in other rocks» even among 
the supracretaceous group. It is remarkable that 
salt, gypsum and dolomite, or rather a magnetian 
limestone, are so frequently associated with red or 
variegated marls or sandstones in different parts of 
the world. We know that many of these associatioDi 
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aoe of different geological epochs, and may infer that 
many <^:lieTs, supposed to be identical in distant 
oenntaies, merely because theur general mineralogical 
chazacters are anular, may also be distinct. There 
are many districts in various parts of the world where 
rocks with these characters prevail; and we may 
consider that the respective areas which they occupy 
have been placed under similar circumstances when 
the deposits were thrown down. Hence if we could 
approximate towards a knowledge of the causes 
which have produced the effects observable in one 
area, we might attain a better knowledge of the 
others, and be enabled to infer that a given part of 
the surface .of our planet may have been under given 
circumstances at one, two, three, or more geological 
epochs, as the case may be. 

The carboniferous and red sandstone groups of 
Europe have presented us with a series of detrital 
beds, in the lower parts of which a large amount of 
vegetation has been entombed. Local disturbances 
have here and there interrupted the quiet deposit of a 
continuous series of strata, so that we may expect 
to discover any higher portion of the series resting 
upon disrupted portions of a lower part. The greater 
proportion of the beds of which the whole is composed 
being apparently produced by the transporting action 
of water, we cannot suppose that the beds themselves 
can be continuous over very considerable distances : 
one must fine off and be replaced by another ; so that, 
as has been previously observed, we may obtain con- 
temporaneous equivalents which offer no mineralogical 
resemblance to each other, and which may differ in 
their organic contents, particularly at considerable 
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distances^ presenting an abundance of texrestrial re- 
mains in one place and of marine exuvi^ in another, 
differences of conditions having necessarily produced 
different results. It willjbe obvious that it would be 
extremely unsafe to consider the coal of Australia, 
India, America and Europe to be precisely of the 
same age» merely because the sandstones and shales 
with which it is associated are generally nmako-r 
Even if some of the coal in each of tiiese portioiis ol 
the earth's surface were contemporaneous, as pio- 
bably it may be, it would be equally unsafe to infer 
tibat there were not deposits, also contemponneous, 
differing wholly from them, both mineralogically and 
as to organic contents, not a trace of a terrestrial 
plant being detected in them. 
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CHAPTER XVI. 

Wb find abore the red aandetoiie group an accumn* 
lation of sands, sanditones^ marls, days and lime* 
stones, named the oolitic group, because some ai its 
limestones are of that kind called oolitic. It is a mere 
term of convenience, like those of 'carboniferous', 
'red sandBtone', &c., for maUj limestones in other 
groups are oolitic. A very considerable change must 
now have taken place over the European area. The 
waters wherein the detrital matter was held in me« 
chaniral suspension must have been much chai^ged 
with carbonate of lime, so that very few of the de« 
posits thrown down at this period are without calca- 
reous matter. Marine aninud life was exceedingly 
abundant over a large portion of the same area, so 
that some beds seem composed of little else than the 
remains of shells and c(»rals. Viewed as a whole* 
there must have been great comparative tranquilli^ 
over a large portion of the European part of the 
earth's sur&ce during the period of the oolitic group. 
Dry land must have existed in the same situatioiis ; 
for we find terrestrial plants which could not have 
been transported far, and even accumulations of them 
eonstituting beds of coal. 

Reptiles were common, since their remains are so 
numerous ; and the researches oE botanists show that 
a perfectly difierent vegetation from that which pre- 
ceded it flourished over the area under consideration. 
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There was, from all the facts brought to light, an 
entirely new set of plants. As far as these facts go, 
they show that " the proportional number of ferns 
was diminished, the gigantic Lycopodium-like and 
Cactoid plants of the coal-measures, Calamites, and 
Palms, all disappeared ; vegetation had no longer a 
character of excessive luxuriance, but species, un- 
doubtedly belonging toCycadeK,and analogous plants, 
now natives of the Cape of Good Hope and New 
Holland, appear to have been common. Coniferous 
plants were still plentiful, but they were of species 
that did not exist at an earlier period. Whether any 
other dicotyledons than tiiose of the Cycas and Pine 
tribes existed at this time, does not appear * ." A very 
striking zoological feature of this group is the im- 
mense abundance of Ammonites and Belemnites 
which must have existed previous to, and during, 
its deposit ; for notwitiistanding the usual chances of 
destruction to which we may suppose they were ex- 
posed, myriads of their shdls have been entombed 
entire, and not unfrequently the animals must have 
been in Hiem f. From all analogy, these creatures are 
supposed to have been free swimmers in the ocean : 
th^ seas occupying the area where the oolitic group 

* Linaiey and Hatton's Fossil Flora of Great Britain, P^efroe, 

vol. i. 

f 173 species of Ammonites and 65 species of Belemnites have 
been enamerated as detected in the oolitic group. There is pro- 
bably error as to the exact number of species of both these genera, 
shells in different stages of growth having been sometimes con- 
sidered as distinct, and perhaps the latter having been unneces- 
sarily multiplied from a desire to form new species ; but still the 
number really distinct must be considerable. Numerous, how- 
ever, as the species may be, the numbers of individuals found 
fossil in the oolitic group is still more remarkable. 
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is found must have swansedwith them. We do not 
through them attain a knowledge of the probable 
depth of water at the time ; but as they are not un- 
frequently associated with marine genera, the ana- 
togues of which at the present day are inhabitants of 
shallow water or moderate depths, we have no reason 
to infer the existence of a deep sea* but on the con- 
trary one of moderate depth. 

The lias forms the lowest part of the ocditic group, 
and is remarkable for preserving a general character 
oyer a large part of Western Europe. In some places 
it appears to pass gradually into the group beneath 
it, while in others, as is the case in England, there has 
been a break in the deposit of matter at a given time. 
The detritus of which the lias is composed must have 
been extremely comminuted, and have been mixed 
with calcareous matter at particular times, more 
especially in its lower portions, on a surface extend- 
ing oyer a considerable part of Europe. Among the 
reptiles which seem to have abounded at the tune of 
the lias, we detect some, such as the Pterodactyli, 
Plesiosauri, and Crocodiles^ which must have required 
dry lahd and creeks, bays and other sheltered places. 
Plants, frequently well preserved, igppear to show that 
land was not fax distant. We therefore endeavour to 
discover the situations where we may consider such 
land to have existed. Here, however, our data fiedl 
us. We may indeed assume that the grauwacke of 
Normandy and Brittany rose out of the waters of the 
period, since the oolitic rocks quietly cover up their 
tilted strata, filling preexisting inequalities ; and we 
might infer the same with other districts. The 
European area has, however, been so broken up by 
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dislocating causes, and so olten abraded by Kki action 
of water since the period of the lias, and indeed of the 
whole oolitic group, that We can make little advance 
in inquiries of this kind. 

The saurian remains of the lias, both in Sngkutd 
and Germany, very firequently present little aippear- 
aace of having lain long exposed to the effects of de- 
composition before they were entombed ; on tiie con- 
trary, many skektcms of Idithyoeauri show, by the 
contents of their stamaehs still remaining between 
their ribs, while there are even traces of skin upon 
their bones, that their death must have been (e9)eedi]y 
followed by their envelopment in the detrital matter 
of the liaSy if, indeed, they were not olten eatombed 
alive. The lias frequently contains a large quantity 
ai tiie excrements of the various creatures which ex- 
isted at the time ; and it not unfrequently happens 
tiiat there are lines of these coproUtes at various le- 
vels in different localities, as if the muddy bottc»n of 
the sea received small sudden accessions of matter 
from time to time, covering up the coprolites and other 
exuviae which accumulated during the intervals. 

It would fur exceed our limits to enter upon the 
inferences which might be deduced from the various 
facts that are known respecting the oc^tic groi^; 
we must therefore content ourselves widi a general 
glance at it as a whole. The lias of Western Europe 
may be considered as a deposit of finely comminuted 
detritus, in which, though calcareous matter is not 
rare, it was only occasionally sufficient to produce 
limestones. The sands of the inferior odite, into 
•which the lias passes upwards, range over a consi- 
derable area, extending from Northern far into South- 
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cm Europe ; the causes, therefore, whkAk have pio« 
dooed them have been equally general, and their mi- 
nerabgical character shows a general change of the 
bottom of the sea upon which they were accumulated: 
instead of being mud, it gradually became arenaceous, 
and finally calcareous, in the beds known as the in- 
ferior oolite itself* Calcareous matter is, indeed, not 
wanting in the sands, but we are not certain how 
much of it was present in the actual deposit, and 
how much may have been added to it by the subse- 
quent percolation of calcareous matter downwards 
from the limestonea of the oolite. In many places, 
extending from England to the Jura chain, grains or 
small nodules of hydrate or oxide of iron are common 
in the inferior oolite, so much so as to afford iron £at 
the foundries, in the department of the Haute Saone. 
The next portion of the oolitic group is highly in* 
teresting, as its organic cox]to[its point to the proxi- 
mity of dry land at that period over a part of the 
European area extending from Northern England and 
Scotland into Germany. Terrestrial plants abound 
in these situations, l^e aocumulatiions of them being 
frequently sufficient to produce beds of coal. Among 
them Mr. Murchison considers he has observed ver- 
tical stems of ^^ti«/tim columnare in sufficient abun- 
dance and over asuffident area to justify him in con- 
duding that a considerable area gradually sunk so 
quietly, tiuit these plants became tranquilly imbedded 
in the matter which accumulated around them. When 
we examine the beds which are apparently equivalent 
to these in the southern parts of England, we find ma« 
rine remains, and an abundance of calcareous matter, 
the various strata into which they are separated being 



336 OOUTIC OBOUF. 

grouped by geologlflts into smaller pwtionft, kaown in 
the ascending order by the names of fuller's earth, 
great or Bath oolite, Bradford clay« forest marble 
and combrash. Now it is a highly interesting fact, 
that a remarkable accumulation of organic ezuviaa at 
Stonesfield, among which are the remains of the only 
mammiferous creature yet detected beneath the su- 
pracretaceous group, has been found by Mr. Loiudale 
to be a lower portion of the great oolite. These re- 
mains have been consid^ed referrible to those of a 
Didelphis, or of an analogous quadruped, and to have 
belonged to two species. With them we find the 
remains of terrestrial plants, of marine shells, of a 
huge saurian, the Megaiosaurus Bucklandi, and bones 
which probably belonged to a winged terrestrial rep- 
tile, the Pterodactylus. We may therefore infer that 
immediately succeeding the period of the inferior 
oolite, and whUe the great oolite of Southern England 
was forming, dry land extended towards the area now 
occupied by the central part of our island. Such land 
may indeed have constituted islands, and eventually 
there may have been extensive coral reefs, since po- 
lypifers are common in the upper part of the great 
oolite itself, both in Southern England and in Nor- 
mandy. 

After this period a larger part of the oolitic axes 
was probably again submerged ; for we find a mass 
of clay, continuous over considerable distances, and 
containing marine exuviae, covering over the teives- 
trial remains, which were so common in Northern 
Britain and a part of Germany, llie remains of 
saurians, among which are those of crocodiles, being 
however often detected in it at di&ptat point»> we 
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may stiH suppose the existence of diylaitd, inyarious 
parts of the area, though changes in the relative 
situations of land and "water had produced such phy- 
sical differences in parts of it, that mud was commonly 
deposited, while quantities of terrestrial plants were 
no longer accumulated in particular situations. Arena- 
eeous matter was, however, again thrown down over 
a lai^ part of the area, and was succeeded hy a cal- 
careous deposit, the former known as (the lower) 
calcareous grit, and the latter hy the name of coral 
rag, from the ahundance of pol3rpifers detected in it. 
Coral reefe ahounded over the area once covered hy 
deep mud, arenaceous matter heing first accumulated 
upon the latter. This change is sufficiently remark- 
able, but is rendered still more so by being similar to 
other changes which succeed, the calcareous rocks 
being first covered by an arenaceous deposit (the 
upper calcareous grit), to which another accumula- 
tion of mud (the Kimmeridge clay) succeeds : this is 
again covered by sands (the Portland or Kimmeridge 
sands), and the whole group is crowned by limestones 
(the Portland oolite). 

We are not to suppose such changes in the bottom 
of a sea occup3dng a given area to be constant over 
the whole area ; but the extent to which each of them 
has been traced is exceedingly remarkable. The clay 
beds can be followed, as might be expected from the 
fine condition of the detritus from which they have 
been produced, with similar general characters, over 
larger areas than the sands or sandstones ; and the 
calcareous deposits, as far as regards similarity of 
structure, over smaller areas than the sands. There 
are necessarily numerous minor changes resulting from 

z 
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the op^mdfm of nuQor caxues; but the geneial ehu- 
ract^ of the vhple oolitic group over « Uurge part erf 
Western Europe u remnrkable. 

There can be little doubt that this g^oup* greatly 
e^^panded iu thida»ef>9> and xoixed with aiMAdvtone^, 
n^arls and date9, poeaesaing a very different aiqpiect 
from the equivalent rocks iii a laige portipn of Western 
Eurc^e, extends Qver vwiou^^ partp of Eastern Europe. 
There can alio he little doubt that it constitutes a 
large p^t of the celc^eous Alp9» ei^tendis^ into 
Italy and the countries of South-eastern Europe^ 
its minerajogioail appearance is more ^^.of the grau- 
wa^ke 9eries> ahowiug that there, have been diffei^ent 
modifying circumstances, producing different tb^KUgb 
contemporausous results, in different partsof the wlial<i 
European are<^. While an abundance of organic re- 
midus cbvrecteri9es the western portion, fewer or- 
ganic esiuyisB m^ jfotund in the eastern part. We. may 
readily suppo^ shallow water, perhaps interspemed 
with land, in th^ one situation, while deeper water 
and less l^nd qpcurred in the other. 

We must not omit to notice that singutor collection 
of (urganiq remains in certain calcareous rocks* known 
as lithographic slates, and which occur at Pappenheam» 
Solenhofen, a^d Monheim near Eichstadt. They are 
coni^dered. to constitute the highest part of the oolitic 
series of Germany. In these beds are entombed the 
remains of six species of that extraordinary flying r^>- 
tUe the PterodACtylus, and wijiib them the exaviaB of 
numerous insects, (libellula, Ma/BhoA, Agrion« Mjr- 
meleon ^ Sirax ? and Solpaga ?) which probably con- 
stituted their prey. Among the reptiles we have also 
the refnaiiM of the Oeosaurus. Lacerta» Rhacheoaauras* 
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JShdon fCfoeodilin, Jflger,) and tfaie Fleoxosauius. 
We nay hence assume the proximity of dry IkoL 
The Crustacea found in these beds connst of Fagurus^ 
Sryon, Scyllarus, Palasmon and Astacus, probably 
fimquenting coasts. There are several mollttscs, and 
among them one named Aptychus {Meyer) of a sin- 
gnlsr form. We may readily suppose the vhole de» 
posife to hare been effected on a coast ^ere the 'water 
was net deep, on the shores of ^niiich the Pterodact]r<- 
his chased its insect prey. The plants noticed ia 
the deposit ure marine^ whidi may easily have been 
entombed, as Fuei now are, in similar situatioBS. 
When we reflect that there is evidence of the exist- 
ence of dry land in Southern Bngland, immediately 
auoceeding the deposit of thePortlaaid oolite, and that 
a ooniiderable amimiit of sands and days, known as 
the Wealden Rocks, show that such dry land con* 
tinued to exist for a oomiderable period in the same 
part of the European area, the Solenhofen beds ac- 
quire additional interest ; since, though they may not 
be precisely contemporaneous with the Wealden de- 
podts, they show dry land at nearly the same epoch 
in the place now constituting part of Bavaria, and in 
that now occupied by South-eastern England. 

It is only necessary to take a common artificial 
globe in our hands to see the small portion of its su- 
perficies representing the whole area of which we have 
been treating. Contemporaneous rocks were no doubt 
produced in numerous other parts of the earth's sur- 
face ; and there is reason to conclude that rocks with 
aosnewhat similar organic remains have been found 
connected with the range of Himalayan mountains. 
Time must necessarily elapse, and observations b^ 

z 2 
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greatly multipliecl, before any lai^e portion of tfae 
earth's surface can be brought, as it were, under the 
hnmediate view of the geologist, — even before he can 
estimate the probable condition of a fiftietii part of 
such surface at any given period. There is, however, 
evidence in the area treated of to show a considerable 
change, both in the nature of the depoat thrown down 
at the epoch of the oolitic group, and in the organic 
remains detected in it, from the condition of the sane 
area at the time of the red sandstone series. Carbo* 
nate of lime greatly more abounds in tiie one than in 
the other ; indeed the spread of this substance over a 
large comparative area at this period is a remarkable 
fact. How far other parts of the northern hemispheie 
may present us with equivalent rocks, now above the 
level of the sea, future observations must determine; 
and it will be exceedingly interesting to observe, as 
facts become multiplied, how far the general organic 
structure of life may have been similar at this period, 
or how far advances may have been made to that diver- 
sity of distribution which we now observe, assuming 
that ht the earlier fossiliferous epochs there was. a 
greater approach to uniformity. At present it seems, 
to be considered that rocks equivalent to the. oolitic, 
group have not been detected in North America. 
There is, however, so much of that great area of dry 
' land still unexplored, that no inferences can fiaiily be 
drawn from the facts yet known on this head. 

There is evidence immediately above the oolitic 
group in Buckinghamshire, the Vale of Wardour, the 
vicinity of Weymouth, and in the Boulonnois, that 
dry land existed in such situations, and that trees 
wid plants analogous to those now growing in vramt 
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cEmatea floumhed upon it. In the vicinity of Wey- 
mouth these plants remain rooted in, or fjedlen upon, 
tiie soil on which they grew, though covered up by 
more recent deposits. The soil thus preserved is 
named the dirt^bedx ia it, or rather them, for there 
i^pear to be two or three of these dirt^beds, we oc- 
icasioiially detect rounded pebbles of the inferior rock. 
There is, however, no evidence of the violent action 
of water generally on the surface of the Portland beds 
on which they rest, so that we may consider the peb- 
bles as resulting from causes similar to those con- 
Atmliy in: action on shores and in rivers. As the 
whcde is based on a rock replete with marine remains, 
an devation of this rock, and in this place, must have 
preceded tiie growth of terrestrial plants upon it. 
, Above this dry land a series of deposits has been 
thrown down, characterized by the presence of terre- 
strial, freshwater, or estuary remains ; and as these 
roeks are well developed in the Weald of Sussex, they 
have been named the Wealden Rocks* The exact area 
occupied by the deposits thus characterized cannot be 
ascertained, unce they have been covered by the ere- 
Itaceous series, the removal of which by denuding 
4»uaes has permitted us to know that they have ex- 
isted. The great extent of these rocks observable 
in. the Weald of Sussex has been brought to light by 
am elevation of land in that point, and by a subsequent 
removal of the superincumbent cretaceous series. As 
far as we can perceive, the south-eastern part of En- 
gland appears. to have been the deepest portion of an 
estuary, into which detrital matter was drifted^ and 
■entombed the organic remains above iioticed. We 
Jiave seen that in the vicinity of Weymouth dry land 
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exiBted iTOmecfately preoedia^ the depcwit of tiie 
Wieakkn rooks ; and it does not appear, haut ^ 
&cts there observable, that these rooks eztended^iidi 
to the westward of that point, ance the eretaeeoai 
series qaiedj overlaps tiie Taxious meoabers of the 
oditie groiq> in a western directhm. 
. The Weaiden rocks are composed, in the ascendiag 
order, cf various limestones, altennting with asaris, 
named ihePurbeek bedi ; i^ nnuerons strata of sandi 
and sandstones, oUben Ismginons, and occaaianaSy 
intermingled with shaks, named tiie Ha&img$ ^Bimdi, 
from being well devekped at liiat place ; and of a 
clay known by the name of the WmUi ciay. We aie 
indebted to Dr. Fitton fm pointXDg out the true na* 
ture of this remaikable series of beds, and thns show* 
ing that there must have been an extenrive estmury, 
or some analogous coUectioa of hrackiiAi or fredi 
waters* at this given epoch in a particular portion <tf 
the European area* The organic contents of these 
beds, though not numerous as regards species, aie 
highly interesting. We learn Irom l^e labours of 
Mr« Mfloxtell that a huge reptile, more resembUng tht 
Iguana in its osteotogy, partioiilBily in its teeth, than 
any known creature of the present day, (and thenee 
named the IguoModtm,) roamed on the shores of this 
lake or estnary, living probably on the plants now 
found fossiL with it. Its reptile companions were no 
less remarkable ; for the estuary and its baidcs were 
tenanted by. the Hylseosaurus (another fossil reptile 
brought to light by the labours of Mr. Mantell), the 
Megalosaurus and the Flesiosaurus, all genera whieh 
no longer exist on the £ace of the earth. We have 
seen tiiat the two latter were entombed in rodcs pie* 
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laBoaMmis now appear for the iint time, se fur at leeiit 
as researches ha?e yet gone. Being apparently ter- 
restrial creatures, and therefore the chances of the 
preservation of their bones in roeks being feir less than 
if they were marine, it cannot be stated that they 
were nowiiist created, since we are consideiing phe- 
nomena observable on a mere point of the earth's 
snrftice, and since a combination of circumstances ik 
required not only to preserve tiieir remains, but also 
to eiEpose such remains, when preserved, in situations 
where they can be examined. With these extinct 
genera we find the exurift of the Crocodile, Trionyx, 
Emys and Chelonia, so that there was no want of 
rqitiles in the district in which the deposits under 
consideration have been produced. 

If we considtf liiese rocks to have been formed in 
an estoary, and not in an isolated mass of water, we 
should suppose that there must have been a consider- 
able tract of dry land over the surface noiv occupied 
by Southern England and Northern France at this 
period. We have observed tiiat the trees in the dki- 
bed in the neighbourhood of Weymouth stand in, or 
rest upon, the soil in which Hiey grew ; consequently 
their submersion beneath the water in which tiie Pur- 
beck beds were formed, and Mrhich now cover them 
up, must have been gradual and unaccompanied by a 
rush of waters. Had ikete been a vident wash of 
waters, or had the land been long exposed to the de- 
structive action of breakers, the trees and the soil 
Would have been speedily removed. Hence not only 
must the submersion have been gradual, but the soil 
also could not have been exposed to any considerable 
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furftuse of. water,- which, either fresh or salt, would 
have rolled in breakers on the coeat, unless indeed it 
were protected by trees analogous to the mangroTet 
of the present tropics. 

We have reason to suppose that the land was grB<» 
dually depressed in this part of the European area in 
such a manner that the resulting cavity waa occupied 
by fresh water, and that, either from differences in 
level. or otheit causes, the sea did not flow freely into 
it. Much calcareous matter was first deposited, and 
in it were entombed myriads of shells, apparently 
analogous to those of the Vivipara. Then came a 
thick envelope of sand, sometimes ioterstratified wiA 
mud, and, finally, muddy matter prevailed* The solid 
surface beneajbh the waters would appear to have suf- 
fered a long^continued and gradual depression, whidi 
was as gradually filled, or nearly so, with transported 
matter : in the end, however, after a depression of 
sevend hundred feet, the sea again entered upon the 
area, not 8^ddenly and violently, for the Wealden 
roeks pass gradually into the superincumbent creta* 
ceous series, but so quietly that the mud containing 
the remains of terrestrial and freshwater creatures was 
tranquilly covered up by sands replete with marine 
exuviae The depression did not, however, stop here, or 
rather the differences in the levels of the sea and land 
in this particqlarpart of the. earth's surface continued to 
increase in such a manner, that the bed of the estuary 
or lake, in which tiie Wealden rocks were farmed, be* 
came depressed at least 300 fathoms beneath the levd 
of the sea* and, as it would appear, in a most gradual 
, manner, for there are no marks of violence in the creta* 
ceous rocks that repose upon ^e Wealden deposits. 
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As estuaries of the kind above noticed must ne* 
cessariiy occupy a comparatively limited area, the 
effects produced must, to a certain extent, be local, 
if even we suppose that the estuary character of the 
deposits extended over a surface equal to any modem 
river-delta. Contemporaneous littoral deposits which 
should form continuous portions with the sand, mudf 
or silt brought down by the river, would, we should 
conceive, be full of marine remains, predsely as on 
the coasts of Africa or America, at the present day, 
long lines of coast must contain, in the same con- 
tinuous sur^EUse of soundings, either marine or estuary 
remains, aoccnrding as large rivers do or do not pour 
their waters into the ocean which bathes the coast. 
Where^ therefore, circumstances were favourable, we 
should expect to discover marine equivalents of the 
Wealden rocks, which from all appearances must 
have required a long lapse of time for their production. 
It has been considered, from the freshwater character 
and geological position of certain beds in the Pays de 
Bray, near Beauvais, where a denudation of the cre- 
taceous series exposes the inferior rocks, that these 
deposits are equivalent to the Wealden deposits. This 
may be perfectly true, and yet the deposits not be 
continuous portions of detrital matter thrown down 
in the same delta or estuary. Perhaps we shall never 
possess sufficient evidence to show that they either 
did or did not constitute different parts of the same 
delta or estuary ; but if they did, we should, from 
analogy, infer that a large surface occupied by dry 
land was necessary to the production of a river equal 
to the Quorra or the Ganges. 

Certain rocks with marine remains occur in dif* 
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ferent pturts of Europe, in France, Switeedand, 
Chennany and Polaind, which occtipy k mtosAaa In- 
termediflte, as it were, hetween tte cretaceous and 
oolitic groups, and therefore equivalent to the Weal- 
den rock^. It is evident that there must have been 
marine equivalents of these rocks, and fitim all analogy 
we may conehide liiat such marine equivalents were 
greatly predominant even in the European area, itseif 
of trifling extent compared with the superficies of the 
globe* 

Above ^686 Wealden deposits we find the etefaa- 
eeous series, which fit>m its extent must have resulted 
from caYses not only common to the European, but 
also to at least a portion of the Asiatic area, anee it 
is evidently found in that part of the World. Viewed 
generally over a considerable poriioik of l^e snnrfiice 
covered by it,.* the well knowik rode, called ehalk, is 
based either upon an as^nacecms or argillacebus de- 
posit, the mechanical origin of which can scarcely 
be doubted. As we c^not expect nnifonnity iii the 
distribution of detritus, unless nnder conditions which 
could scarcely ever obtain, we should antic^ate that 
sands would predominate over one part of the area, 
and mud or silt over another, that there would occa- 
sionally be alternations of these substances, and that 
frequently particular deposits of sands or mud would 
be found continuous over comparatively extensive 
surfaces. It is not to be expected that the divisions 
of the lower part of the series into upper green-sand, 
gault, and lower green-sand can be traced to great 
distances from the southern portions of QrcBt Britain, 
where these distinctions have been found so useful. 
As, however, their continuity with Similar characters 
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ifl remarkable tH England, and shows tiie uniform 
operation of giren causes somewhat extensively, 'we 
may anlic^te that, with due attentioii and allow- 
ances for local vatiations, analogous divisions may be 
detected over some parts of the neighbouring con- 
Itineat, as, indeed, appears to be the case in part of 
Northern France and in its contmuation into the cre- 
taceous district of Aix-la-ChapeUe. 

The upper portion Of the series is exceedingly re« 
^arkable for the constancy of its mxneralogioal chi^ 
racters over a 8ut£m» extending from Northern FVance, 
tinrough the British Isikmds, Nordiem Germany, Defi* 
mark and Sweden, ibto both European and Asiatie 
Russia. Now although equivalents of the cretaceous 
iroeks are abundant in other parts of Europe, to the 
southward and eastward of this range of Vrhite dialk, 
they generally possess a somewhat different ehaiacter, 
compact grey and dark«>coloured limestones and eom-> 
pact sandstones being apparently of the same geo« 
logical age as these white chalk rocks. This dif- 
feraice necessarily points to a mod^cation of origin, 
so that we should anticipate some circumstances, pro* 
ductive of this remarkable white calcareous rock, to 
have existed over a considerable curved portion of 
surface not common to the whole European area. 

We can scarcely consider that the white chalk was 
produced along a line of coast to which nothing but 
this calcareous matter, mixed with silica^ was borne 
down ; since this would suppose a state of things so 
utterly unlike that at present existing, or which we 
diould imagine ever likely to have existed, that we 
seem compelled to seek some other explanation for 
the phsBUomena observed. The white chalk has more 
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the appearance of a chemical deposit, or rather one 
resulting from a quick precipitation of carbonate of 
lime from solution in water, by expelling an excess of 
carbonic acid which kept the carbonate of lime in 
solution. If the waters were suddenly heated, a quick 
precipitate would ensue, and thus we might obtun 
the liable carbonate of lime. This Is, however, not 
the only condition required. • There is an abundance 
of silica, which, from the mode in which it is deposited, 
•we should infer had been in solution^ Now the 
nbundance of silica which has separated out frt>m the 
^lialk generally is very considerable, so that we re* 
quire an abundant solution of silica as well as of car- 
bonate of lime. We must also not forget that nu^ 
merous marine creatures existed at the time, so that if 
the mass of chalk were deposited slowly, the con- 
ditions necessary for the support of animal life also 
existed. The question would therefore arise. Has the 
mass of white chalk been slowly or somewhat sud- 
denly produced ? 

. Organic remains are in general beautifully pre- 
served in the chalk : substances of no greater solidity 
tlian common sponges retain their forms, delicate 
shells remain unbroken, fish even are frequently not 
flattened*, and altogether we have appearances which 

* The author remembers to hare seen some specimens offish 
from the Sussex chalk exhibited to the Geological Society by Mr, 
Mantell which were particularly remarkable in this respect, the 
fins projecting as if they were swimming in the water ; their 
appearance being thus so very different from the fossil fish usu- 
ally discovered, the fins of which are almost always compressed. 
The author was particularly struck with the fact at the time, as 
it seemed to show the kind of light precipitate in which they 
appear to have been entangled prior to their death. These beau- 
tiful specimens are probably still in Mr. Maatell's coUeotioo. 
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justifyosin conduding that, since these organic exttvia 
were entombed, they have been protected from the 
effects of pressure by the consolidation of the rock 
around them, and that they have been very tranquilly 
enveloped by ezceedinglyfine matter, such as weshould 
consider would result from a chemical precipitate. 
How far the white chalk may have been the result of 
sudden precipitation, or of a succession of sudden 
precipitations, it would be difficult to say ; but that 
the carbonate of lime itself fell gently upon the matter 
beneath it, and speedily became consolidated, seems 
proved by the condition of the organic remains found 
in the chalk. 

Let, however, the origin of the white chalk have 
been what it may, the conditions for its production 
did not, as aboye observed, extend over the whole 
area occupied by the cretaceous series. It is not to 
be supposed that a large portion of the earth's surface 
would be covered by this fine precipitate of carbonate 
of lime at the same time ; on the contrary, we should 
expect to discover rocks of equal age, formed in the 
ordinary way from the deposit of detritus, entombing 
organic remains in the common favourable situations. 
Where rocks have not been continuously traced, it is 
always difficult to be certain that we have an exact 
equivalent of a given part of a series at distant 
places. Various modifying causes would obviously pro- 
duce differences difficult to determine. According to 
M. Dufr^noy, the salt of the celebrated Cardona mine 
occurs in the upper part of this series, as is also the 
case with the rock-salt of Mon Real. At Angoul^mc 
the inferior arenaceous rocks of the series are crowned 
by a limestone almost saccharine. Again, in the Alps, 
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ApQniuoe«> «iid tibe oountxies extending from Oxecee 
eastward into Asia, the cretaceous rocka aasunie a 
chai^ter different from thoee of Westom Europe. 

A great abundance of oiganie remains has been 
detected in the cretaceous series* amounting to about 
}60 genem« and 768 spedes* and it baa been found 
that the latter, with a few doubtful ex^ptions, differ 
from those detected in the inferior groups, over those 
areas at least where they have yet been examined. 
Terreatrial plants are distributed, though perhaps not 
Tcary abundantly, among the inferior sands and cKsys 
of Western Europe, many, pieces of wood showing 
by their condition and the holes drilled in tb^a by 
the Teredo, or analogous creatures, that they have 
been long drifted on the ocean. In the white chalk, 
however, marine ^ants. ar^ detected, and terrestrial 
pbnta. must be very rare, since their presence has 
been much questioned; though why wo should not 
expect to find them does not appear dear. Their 
gpeneral absence, from a large part of the white chalk 
area, seems, however, to show that dry land whence 
plants may have been drifted was not common near 
such portions of the white chalk. Hence we may 
conclude that at the epoch of the cr^iaceous series 
there was a very general difference, oyer a considerable 
part of the European area» in the coAdition of such 
part of the earth's surface from that presented at the 
epoch which immediately preceded it. There was, 
however, an accumulation of vegetable matter, suffi- 
cient to produce coal, even so near the great mass of 
rocks in which plants are scarce as Pereilles near 
Bellesta, Ernani near Irun, and at St. Lon in. the 
I^andes, where, according to M. Dufr^noy, coal is 
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found in tbk series. Cool is also stated to occur in a 
oretaoeons sandstone near Quedlinburg. 

As yet no remains of mammiferous animals have 
been discovered in the cretaceons series ; and the 
exuviae of reptiles are by no means Qoimoon, pre- 
senting in this respect a marked difference in its zoo- 
logieal character from that of the oolitic group which 
immediately preceded it. Hence we might infer that 
dry land was not so abundant in the European area 
at the cretaceous, as at the oolitic epoch. The re« 
mains of a crocodile have been found in the chalk 
of Meudon, and the exuviae of a large reptile, the 
Mososaurus, at Maestricht and in Sussex. The re- 
vmm» of fish are not so rare, and it may even be said 
that fish-teeth, apparently those of sharks, are some- 
what common. Molluscs were entombed abundantly 
at this epoch. Ammonites, though still frequently 
found, do not appear to have been so common as at 
the ooUtic period, when they must have swarmed in 
the seas now replaced by the dry land of Europe. 
Other camerated shells, however, Scaphites, Hamites, 
Turrilites and Baculites, were now comparatively 
abundant. IndeedT at one time these genera were 
supposed to be peculiar to the cretaceous series ; but 
since Hamites and Scaphites have been detected, 
though very rarely, in the oolitic group, we may an- 
ticipate that the other genera may hereafter be 
observed in other rocks, particularly in distant parts 
of the world. From analogy we should expect that 
no very considerable depth of water was required for 
the various molluscous genera found fossil in the 
cretaceous rocks. The Echinite &mily may perhaps 
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be considered to have been abundantly distributed at 
this epoch, more particularly during the production 
of the white chalk. Corals, generally speaking, do 
not seem to have prevailed in the seas to the sane 
extent as at previous periods, while the spongifbim 
zoophytes seem to have been more abundant. We 
should, however, be somewhat cautious in the latter 
inference, since so much must depend on those cir- 
cumstances which could preserve bodies so easily 
destroyed, and which appear to have been highly 
favourable at the period of the white chalk. 

Like all other deposits which require considerable 
time for their production, we should expect to discover 
rocks, equivalent to the series under consideration, in 
various parts of the world, where circumstances had 
been so far favourable that they have been subse- 
quently elevated above the surface of the waters in 
which they were formed. Dr. Morton has described 
a series of ibssiliferous beds in North America, which 
he infers, from their organic contents, were produced 
at the same time with the cretaceous rocks of Eurc^. 
The evidence on this head, if we take organic remains 
as our guides, would certainly lead to this inference, 
and therefore we may consider the American ferm- 
ginous sand formation (the name given to this deposit) 
as equivalent to the cretaceous series of Europe untQ 
evidence be adduced to the contrary, though, from 
the facts known respecting it, we should rather an- 
ticipate that further research would confirm the in- 
ference, since its connexion with superior rocks pointi 
to considerable general analogy between European 
and American deposits of this particular date. As* 
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M&diig tkat then can be no doubt of tho deUmd** 
aatiin of die oainiaa remains detOtfCad ill the AflMriMia 
deposit, we find tbat the MoMMinnu existed in that 
part of the earth's surface, at least as a genns^i^ the 
same time that it Ihred in that portion now oeeajned 
by Europe, and that it was also accompanied by 
Crocodiles, the remains of which are stated to be 
abundant. It is interesting also to observe that the 
Flesiosaurus and Geosaurus (saurians the remains of 
which have not been yet discovered so high in the se- 
ries as the cretaceous rocks of Europe,) are associated 
with the exuviae of the Mososaurus in America. 
Another creature, the Saurodon, found in the ferru- 
ginous sand of America, has not yet been noticed in 
.any European rock. 

A ccmsiderable portion of dry land was probably 
submerged in the European portion of the earth's 
surfece to permit the deposition of the cretaceous 
series, which seems to have overlapped a large area, 
occupied by a great variety of preexisting rocks, from 
the gneiss and mica-slates of Northern Europe to the 
oolitic and Wealden deposits of more southern coun- 
tries inclusive. This condition of the European area 
was destined to suffer a great change ; the chalk was 
brought within the destructive action of waters ; its 
surface over a considerable part of Western Europe 
was eroded ; and the harder portions, consisting of 
flints, for the most part remained on its eroded sur- 
face, frequently showing, by their angular condition, 
tiiat they have neither suffered transport to consi- 
derable distances, nor any great amount of attrition 
during either long or short periods of time. There 
must have been a considerable rise in the mass of 

2 A 
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dhilk« and prqbably of at lea^t a largp por&in of the 
European area^ relatively to the level of the sea, so 
that dry land existed^ in places which had pre* 
viou^ly been occupied by aea, supporting vegetation, 
iand* eventually an abundance of • terrestrial aninud 
life. 
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CHAPTER XVII. 

Thb supracretaceous deposits are very commonly 
termed Tertiary. This is, however, a name exceedingly 
objectionable, as it would imply that there were three 
great classes of rocks possessing marked character- 
istic, distinctions, and that the deposits above the 
chalk constituted the third of such classes. When 
MM. Cuvier and Brongniart communicated to the 
^entific world their valuable labours on the rocks 
above the chalk round Paris, the chalk itself was con- 
sidered the highest known rock, and the supracreta- 
ceous deposits as mere superficial sands, gravels, or 
.clays. Hence, when it was found that the Parisian 
beds did not pass into the chalk beneath, but that 
the surface of the latter had evidently been abraded 
prior to the deposition of the former, and that the 
organic contents of the supracretaceous rocks differed 
so remarkably from those of the chalk, it was natural 
to impose the term tertiary upon the supracretaceous 
deposits of the neighbourhood of Paris, as rocks were 
then divided into two great classes, the Primitive and 
Secondary, between which was a kind of ambiguous 
class known by the name of Transition, the chalk 
constituting the highest of all the rocks then admitted 
by geologists. It is not, however, to be supposed that a 
great break took place at this time in the deposits over 
the whole surface of our planet, neither* should we 
anticipate that even in the European area itself we 
.should everywhere detect a solution in the contiAuity 

2 a2 
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of deposits fonned at this q>och. We should rather 
consider that as other groups of rocks pass into each 
other in one place, while there is evidently a geolo- 
gical break betweea tiiem in another, tiiat the like 
should happen with respect to the cretaceous and 
supracretaceons groups. The grauwacke i& sepaxaled 
from the caibomferotts grovp in Northern England in 
a manner which shows far greater violence than any 
facts, yet brought to light, woidd lead v» to suq^ect 
had occurred at the time intervening between the 
formation of the cretaceous and supntcretaceoos rocks 
of Western Emtvpe, and yet we see that in Southern 
England the grauwacke gradually passes into the car- 
boniferous group. A primi, therefore, we should 
anticipate that, intiie European area itself, we should 
detect a passage of the cretaceous into the supracre- 
taceous series. Now IVofessor Sedgwick and Mr. 
Murchison consider that they have detected such 
passages in certain rodcs of the Alps, at Crosan and 
other places; and the researches (^ M. Dufi^noy 
would lead to the same inference. At Maestricht 
there are evidently beds above the chalk not eom- 
monly found in liie cretaceous districts ; somewhat si- 
milar deposits also occur in Nonnamfy. At Maestricht, 
however, the upper sorfoce has been abraded prior to 
the production of Idle superincumbent beds, so that 
they do not pass into each other. Buft as we do not 
know the amount of matter removed by denudation 
prior to tiie deposit of the superineumbent beds, we 
are by no means certain that there may not be an 
absence of numerous beds, which once existed, and 
which have been swept away. We only learn the 
probaUe existence of many other rodis, over areas n^ 
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longer extenuTely occupied hf tiiem, from patohet 
which have here and there remamed, and reiiated tiie 
deirading foieet that have canned away many culae 
milea of solid natter from gmn area*. Aoonaiderafala 
4^ange no doohtwaaefiected overalaigepartof the 
turftbce now occupied by Europe, but when we take 
a common artificial ^obe into our handa and see what 
that area ia, we readily perceive tiie insnfficiency of 
the data on which it if attempted to fonmi a grand 
ayatem of rodcB applicable to Ihe whole Bux£u|e of 
the 4sarth. 

The supracretaeeoua rocka oonrtitnte a latge por- 
^on of the dry land of Emvpe; and tnuieroiia 
memoire have been written to ahow the probable 
amount of sm^e occupied by varioua lakes and seas 
in which numerous terrestiial, fluviatile, lacurtiiae 
and marine remains have been imbedded. To oitcr 
upon the probabiiities of the egisteace of the varioua 
minor areas, noticed as either occupied by water or 
dry land, as the case might be, would hr exceed our 
Hmits. There is evidence to show that numberless 
changes requiring a great li^Mse of time have Infccn 
jAace between the deposit of the dialk and the present 
order of things, and that as we approach the latter, 
there has been a general increase of dry land on this 
part of the earth's surface. 

Among the various complicated changes n^eh 
have taken place at the supra^etaceous epoch, it has 
been considered the better plan to arrange the roeks 
referrible to it according to their c^ganic odnteata, 
those deposits being considered the most modem 
which show the greatest approach, in the oiganie re* 
mains found in them» to the existing animal wad vege- 
table life of the countries where they may be situated. 
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Though it has long beto the opinion of geologirts' 
that the newer the deposit the gfeater -was the pro- 
habifity c^ detecting i^e remains of existing aiumak 
and plants in snoh depomt, yet no general divisBMiB of 
the supracretaceous rocks fbonded on this priadple 
were until latdy attempted for the European rodcs of 
tins age. Indeed it was long supposed that all supra- 
cretaceous rodcs were refenrible to some one or other 
of those found in the vicinity of Pans. The finst 
general advance beyond this view, appears to have 
been made by M. Desnoyers*, who pointed out that 
the supracretaceous deposits of Park, London*, and 
liie Ue of Wight were among the more ancient tif 
these rocks ; that several divisions of the supracreta- 
ceous strata might be established, arising from oscil* 
lations of the land and the consequent deposit of 
matter in seas and rivers ; and that all these paiods 
presented, in their deposits and in their fossils, a pro- 
gressive and insensible passage from one to the otiber, 
from the ancient state of nature to the present, from 
tbe more ancient supracretaceous basins to the actual 
basins of our seias. M. Deshayes, having examined a 
multitude of the shells of this period, collected from 
diffsrent situations,- divided the -whoLe series into 
tiiree sub-groups according to thdr orgamc coutentei; 
The tables formed by M. Deshayes were published 
by Mr. Lydl,*who informs us that he had, without a 
knowledge of M. Deshayes's dassification, divided 
die supzucretaceous group into four paitsf- In 
order, however^ to render the tables available, 'he has 
duly given three distinct names to the parts of the 
group, M.Deshayes's'Upper division being subdivided 

^ Annales des Sci. Nat, 1829. 

t Piinciples of Oeobgy, roU iii., Preface; 1883^* 



ittfeo newer and older Flioceiie, tlie rcnainiiig two 
being called Miocene and Eocene. Theae names axe 
^fireaaiTe of a gradual approach of the fbeeilmottnaea 
eontain^ in the rocks under consideration to those 
which live in the present seas, few analogues of ezr 
isting spectes being detected in the Eocene division^ 
while they greatly prevail in the Pliocene. These di« . 
akiactions are therefore essentially founded otfdiange, 
and can in no way su]^rt the opinion that nothing 
hut repetitions of similar events have succeeded each 
other after animal and vegetable life first existed on 
our planet, since they imply a gradual disappearance 
a^ neaiiy total destruction of given molluscs over an 
area which subsequ^itly became covered with others 
that have never been discovered in any older deposits, 
and which therefore we conclude have been created 
to replace those that have disappeared as living crea^ 
tures from the surface of the earth. 

. Classifications entirely founded on organic remains 
are at all times liable to be erroneous, if contempo'- 
raaeous deposition be thence inferred as a necessary 
consequence, as we have had occasion to observe ; 
tiiey therefore may be considered as doubly liable to 
error when employed in proving contraiporaneous 
origin in such rocks as those of the supracretaceous 
period, and which may oonttdn a certain per centage 
of the remains of molluscs resembling those of the 
present day. Classifications of this kind necessarily 
infer a series of equal changes and conditions at nu- 
ifierous distinct and often distant places at the same 
time;; When we appropriate names of this kind to 

rocks derived from one character alone, and that 
character o^ew^iich. cannot be considered constant; 
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Wf tbeofstictlly prqudge tke place irhich tiie xodoi 
•hpujid QOQupy in a geologiccil aeriee, where the com- 
p^TAtive date of the deposit itself is sought, not the 
pMrtiovls^rproportion of given organic remains detected 
in it, which is necessarily a secondary ocmsideration. 
If this were the course generaUy adopted, eontempo- 
raneous' depoBits of otiier rocks, which may contaiii 
different proport»(Nsa of given organic remains, woald 
he separated even in the area of England. Toseekthe 
different opnditionii under which aniuial and vegetshle 
life were entombed at a given geological epoch, would 
evidently be impossible if we are merely to coUeet a 
number of fossil moUuses* place them before the oon^ 
chdogist, and th^n arrange onr deposits theoretically, 
according to the per ci^tage of emting or non-ex-* 
i9ti9g sh^ he may find lunong th«n. 

We should probably find few geologists disposed 
to oootend that because sopraoretaceoufl roeki may 
be d^teeted in India. Am^ica and Europe, each con-* 
taining about 50 per cent, of eijstiag molluscs, they 
w^re therefore precisely ooi^tempomneous, and that 
they should be classed under a particular head wUdi 
imidied tbi^t equal conditions obtaioed in these various 
parts of the earth's surface at the same time. If it be 
considered convenient to divide the st^Mracretaceoas 
rocks of Europe into three or more sub-groups, names 
which imply their actual geological position in the se- 
ries* such as 'superior/ 'medial' and 'inferior,' •upper,' 
' medial,' and ' lower,' or others of the like kind» would 
seem preferable to those derived only from a per 
centage of certain organic contents, which seems to 
throw the determination of the place any given Im. 
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a^itrwm rock «hould ocoapy in the aeries of deposits 
l^enmUj, not into the handA of those who have caie* 
MXy studied all its varied relations in the fidd, hot 
into those of the eonchologiiBt in hie cabinet* who 
probably never saw a square yard of the country 
where ibe particular deposit was situated. We are 
very far fix>m undervalufaig the aid of experienced 
conchologistSy who have so greatly contributed to the 
advance of geology; we are only unwilling to see the 
study of the fossUiferous rocks turned into a mere 
cabiiud; examination of organic remains, to the utter 
neglect of all the other circumstances conniBcted widi 
them» which are frequently of fur more importance *. 
It seems very generally agreed that the supracre- 
taceous rocks of what have been termed the baafam 
of Paris, London» and the late of Wight* are among 
the lowest known in Western Europe. Those round 
Paris have been long celebrated for the extinct ani- 
mals brought to light by the brilliant researches of 
Guvier, and for the joint labours of the latter antho^ 
and Brongniarti which showed that the Parisian area 
had been exposed to several changes, by which vu^ 
rine and freshwater and terrestrial creatures had be^ 
alternately entombed in the deposits then formed. 

« la thtt9 endtsviHiriiig to show that the terms plioeene, 
Miocene and Eocene belong to a class of names which necessarily 
prejudge an important part of geological inquiry, and therefore 
should not be employed, though it ii extremely probablo tbey 
will be, we are yery far from wishing to detract in the slightest 
degree from the value of the labours of their author, Mr. Lyell, 
among the yocks under conslderatien, believing as we do that 
they are highly important, and that tbey will eventually lead, 
notwithstanding the particular theory with which they are coupled, 
to a more complete knowledge of the supracretaceous deposits of 
Bttf^ps tluw Im ret boon sttsiq^ 
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Diy land necessarily first existed in tiiat neighbout- 
hood, since the lowest supracretaceous rock» named 
the plastic day* seems to have been accumnlated 
ia a freshwater lake, into which terrestrial plants 
were . drifted. This condition ceased, apparently 
in a gradual manner, and the surface of the land 
became covered by sea, in a- calcareous deposit 
(the cdlcaire grasner as it is termed,) from which 
thousands of marine animals were entombed, few 
being analogous to species now existing. By the or- 
ganic remttias found in a gypsum rock above this last,* 
we leam.that numerous mammiferous creatures, be- 
longing to genera which have ceased to live upon our 
planet, inhabited some neighbouring dry land. With 
these are found other mammiferous remains, bekmg- 
ing to existing genera ; but the species of aU are alike 
extinct. We must refer to the works of the illus- 
trious Cuvier for details reelecting the species of 
Palseotherium, Anoplotherium, Chseroptamus, Canis, 
Didelphis, &c., detected in these beds. In all pro- 
bability the climate in which they lived was then, 
waarm, judging at least £nom the palms and crocodiles 
which appear to have existed at the same period; 
Another change took place; sea covered the. area, and 
was again removed, subsequent freshwater deposits 
affording evidence of the presence of dry land. Some- 
what similar events took place, in the London, and 
Isle' of Wight basins at the same periods.. The lowest, 
part of the supracretaceous series in these places does 
not present the same fresl^water chaiacter, for the 
freshwater remains are subordinate to the marine. 
We could scarcely expect it to be otherwise, for 
freshwater deposits must of necessity be more or less 
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limited. During the time that calcareous matter was 
thrown down in the Parisian basin, as it is termed, 
mud was deposited in those of the Isle of Wight and 
London, mixed with sands. The organic remains- 
still seem to point to a warm climate, at least if 
crocodiles be considered, from analogy, always to 
have required a temperature at least equal to that of 
Egypt. The vegetable remains have never been well 
examined, but it is supposed that among the abundance' 
of fruits and seeds discovered at Sheppey, the greater 
part required a warm climate for tk&r production. 
Freshwater remains are found above these marine 
deposits in Hampshire and in the Isle of Wight, and: 
we have evidence in tiiem that the extinct genera: 
Anoplotherium and Palseotherium extended to that. 
part of the European area, and that a species of rumi- 
nant allied to the genus Moschus inhabited the dry 
land with them. How far these French and English- 
deposits, and certain others detected in Belgium, and 
also referred to the lowest part of the supracretaceous' 
rocks of Europe, may have been continuous, it would 
be difficult to say ; that they may have once been So 
is very probable, particularly the London and Belgian 
deposits, which seem to be only apparently separated^ 
by the intervening sea, or more modem rocks. That 
various disrupting causes have altered the condition, 
of this part of Europe since these deposits were ef- 
fected is quite clear,, and therefore we probably find 
only a portion of those which once existed. 

We are necessarily not to coninder this part of 
Europe the only portion of the earth's surface where 
deposits of matter were produced at this period. It 
by no means follows, however, that they should be 
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all characterized by similar organic remains, cnr by 
the presence of a certain per centage of particular 
molluscs; we should rather infer that they would 
not, unless we suppose equal conditions obtaining in 
every situation, where deposits then took place, over 
the whole superficies of our planet. The researches 
of Mr. Lea in North America have brought to Hght 
a series of fossils, principally shells, entombed in a 
deposit of Alabama, which the author suspects may 
be equivalent to the lower supracretaceous rocks of 
Europe, though it has not yet been found to contain 
any shell analogous to existing species. This author 
states* that out of nearly two hundred and i^ 
species taken from this rock, and examined by him, 
he does not consider one to be strictly analogous to 
those of the lower supracretaceous deposits of Europe. 
It IB, however, remarkable, that this mass of shells 
does not resemble the organic contents of any other 
European rock, and therefore the inference rests upon 
the prevalence of certain genera supposed to have 
first appeared on the surface of the earth at this time. 
Here, therefore, we have a rock which may be 
equivalent to some group of the fossiliferous deposits 
of Europe comprised within a certain range, fbll of 
fossil-shells, yet they afford us little help beyond the 
supposition that particular genera may characterize a 
given portion of the fossiliferous rocks generally. The 
researches of Mr. Lea are nevertheless highly valua- 
ble, and, when added to those of other custive Americaii 
geologists, must eventually lead* in conjunction with 
those of European geologists, to more exact knowo 

* ContribtttionB to G«plogy : Pbilndtlikhia L839. 



ledge reqiectiag the value of oigtoiie resiaiiis ui dt^ 
termining the vektive anti^ty of rocks, than can 
be accomidifihed by the labours of tliose, however 
distingaished and acute they may be» whose re- 
searches are confioed to that part of the earth's sur- 
fttce now occupied by Europe. 

We have not space to enter into a detailed account 
of the various supraeretaeeous rocks further than to 
observe that claasilying them in the <»der oi a certain 
per centage of existing molluscs in each> the medial 
portion is supposed to occur, according to Mr. LyeU» 
in the districts of Bcxrdeaux, Dax, Touraine, Turin, 
Baden,yienna,Maraviai Hungary, Cracovia,yolhynia, 
Poddia^ Transylvania, Angers and lUmcfi, while the 
superior portion is found in Italy, Sicily, the Morea» 
and includes the English ciug, a remaikable deposit 
occurring on our eastern coast. All the evidence 
tends to show that as these various accumulations of 
matter were produced, dry land became gradually 
more extensive throughout Eun^, numerous spaces 
occupied by seas, lakes, or estuaries having been con- 
verted into the abodes of terrestrial creatures, either 
by being filled by deposited solid matter, or by being 
TBtsed above the general level of the ocean. There 
is also abundant evidence to show, viewing the sub-*- 
ject generally, that this change was accompanied by 
a gradual alteration in animal and vegetable life, so 
that it finally became such as we now find it in this 
quarter of the world. The supraeretaeeous group 
apparently passes so insensibly into the present order 
of things, stiU viewing the subject on the large scale, 
that probably no line of demarcation will ever be 
drawn between them, particularly when we regard 
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the whole superficies of the world, and not a pw- 
ticolar portion of it. Still, even during the time tint 
the upper portion of the series was deposited, great 
changes must have been produced in animal life over 
a considerable part of the earth's surface. 

Among the various mammiferous animals found 
fossil in the supracretaceous series of Europe, it is only 
among the more recent deposits that anj question can 
arise as to whether they are or are not analogous to 
existing species. And even then there are few re- 
mains which can lead to a doubt of the wliole mass o( 
mammiferous life entombed being specifically distinct 
from that now living. Not only have species disap- 
peared at this epoch, but whole genera have been swept 
away from among animals existing on the surface of 
our planet. The Palseotherium was a genus evidentiy 
somewhat common when the lower supracretaceous 
rocks were deposited, since Cuvier enumerates seven 
species as found in the gypsum beds near Paris. 
This genus was, however, by no means confined to 
that vicinity, for its remains have been detected in 
the Isle of Wight, various parts of France, in Grer- 
many, and Svdtzerland. Assuming that the Touraine 
fahluns have been correctiy referred to the medial 
^portion of the series under consideration, the Palaeo- 
therium then lived in the same districts with the 
Mastodon, Rhinoceros, Hippopotamus, Equus, and 
Gervus, animals which have not yet been detected in 
the lower supracretaceous beds. We therefore might, 
conclude that the Palseotherium was a genus created 
before these latter creatures, and that it x;ontinued 
to exist after they were called into life. Similar 
-mixtures of organic remaii)s chave been noticed by 



SUFBACBITACBOUS OBOVVV 367 

Mr. Mturehison and Count Munster at Georges Qt^- 
Tniind, (where the exuviae of the Bos and Ursus were 
also detected, the latter being the cavem bear,) and 
by M. Meyer at Friedrichs Gtemund and Eppelsheim* 
Whether these deposits may or may not be contem- 
poraneous with the Touraine fcUiluns it may be diffi- 
cult to say, but the fieu^ts are. highly interesting, as 
dley show that the Palaeotherium lived at the same 
time with the animals above enumerated in other 
places than Touraine, and therefore that the mixture 
of their remains in the latter district was not acci- 
dental. Among tiie great abundance of bones found 
in different superior portions of tbe supracretaceous 
deposits, where they may be said. to pass into those 
now taking place, the remains of the Palaeotherium 
have not been found ; we may therefore conclude that 
the genus ceased to live on the surfieuse of the earth 
before the appearance of man. 

The history of the Anoplotherium seems to be much 
the same as that of the Palaeotheriiun : it disappeared 
like the former before the deposit of the supracreta- 
ceous rocks terminated, having first lived in the same 
diistricts with Mastodons, Rhinoceroses, &c. Other 
genera, found in the lower part of the series, such as 
the Anthracotherium, appear also to have perished in 
the same manner. All the genera, however, en- 
tombed when the lower part of the supracretaceous 
series was forming, have not been swept away from 
among living creatures ; for we find Canis, Sciurus, 
Didelphis, and others enumerated by Cuvier as found 
witii ^e Palaeotherium and the Anoplotheritun in. the 
gypseous beds of Paris. 

That huge creature the Mastodon, whose remains 
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are seaftteral oyer vaiioiu psrtB of the woild, appesn 
to liave been a genua created about the period Uiat 
a medial povtioa of the aupracre t aceous rocks was 
deposited. TUb reaaarkable genua has ceased also 
to exists though it probaUy oonthxued to do so until 
a comparatively recent gecdo^cal period; for the 
Cfkact age of the beds in which the exuTis of the 
MaHodon mojfimui is detected in North America can- 
not be conndeied as wdl determined. Indeed, if it 
be certain that a species of reed still growing in 
Virginia was detected in a kind of sack (supposed 
to be die stomadi of (me of these creatures,) among 
tiie bones of a Mastodon discorered at Wil^e, in the 
same coontry, it may have existed even up to the 
appearance of man on the surface of this planet. ' 4 
prioriy we do not readily perceive why, when Ele- 
phants and Mastodons evidently existed together in 
many parts of the woild, the former genus should 
stiU exist, while the latter should have perished. We 
should be diiqposed to consider, from analogy, that a 
change of climate alone would have been as fatal to 
Elefribants as to Mastodons, particularly when those 
of hot countries, such as ttaX of India, are concerned, 
and where we have no reason to suppose the tem- 
perature to have then been much greater than at pre- 
sent. Yet Mastodons are found in a fossil state in 
India and equinocdal America as well as in the colder 
regions of £urope and North America. 

Other huge creatures belonging to extinct genera, 
which, as far as the evidence extends, were called 
into existence after the Palaeotherium, have also dis- 
appeared from among existing animals. As yet, 
however, we do not know that they have been ex- 
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taaaively distributed, like tiie MMtodoBf ; for the 
Megatherium has only been detected. in Sinith Ame* 
rica, and the Demotherium on the banks of the 
Rhine. 

. While some genera have thus been iuooessively 
created and destroyed, others* apparently also created 
in succession, have been continue4 to the present 
day. We have the Elephant, Rhinoceros, Hippopo- 
tamus, and others entombed in various supracreta- 
ceous deposits, still existing as genera among living 
animals. The species, indeed, are distinct from the 
fossil, and they are not discovered in many regions 
where numbers, judging ifrom the amount of then 
nnuains, must once have roamed in the situations 
best suited to them. There has been a change in 
their distribution over the surface of the globe, but 
the generic form has been retained. With regard 
to many, the surface occupied by them is more limited, 
and their places have been supplied by the creation of 
animals better suited to the preseiit condition of the 
earth. 

We cannot close this slight sketch of the fossili* 
ferous deposits without advertmg to thoae extensive 
tracts of slightly inclined planes bounded by sea- 
coasts, which occur so commonly in various parts of 
the world, and which are found, wherever examined 
with attention,. to contain numerous molluscs ana- 
logous to those existing in the seas which skirt 
them. The per-centage of such molluscs may 
perhaps vary, but there is something very remark- 
able in these extensive tracts of nearly level country 
which slope gently into the sea in so many parts of the 
world, and which are generally bounded by consi- 

2 B 
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derable areas of soundings. They seem, indeed, mere 
continuations of the latter, which have been relatively 
raised at comparatively recent geological epochs above 
the waters of the ocean. If the ocean-level were 
raised, or the continents depressed, 600 or 800 feet, 
a large portion of dry land, formed of these plains, 
would be submerged. These facts lead us to inquire 
whether any condition common to the earth's surfope, 
or crust, at a particular period has caused such similar 
getieral appearances, or whether they may be due to 
a series of effects produced at different times 'which 
have finally led to similar results. In Europe, taking 
into account every probable loss from the action of 
seas on coasts, thfere seems good evidence of a gradual 
increase in dry land generally, during .the supracre- 
taoeous period, from changes of level, and by the 
deposit of solid matter in various seas and lakes which 
have ceased to exist. As far as our knowledge ex- 
tends, similar effects are observable in other conti« 
nents. Now if this be true generally, there would 
be a gradual increase of dry land over the surface of 
the earth at the same epoch; and since we may infer 
an increase in the relative amount of terrestrial crea- 
tures generally at the same period, the one would 
harmonize with the other, and we should obtain an 
amount of terrestrial life called into existence in pro- 
portion as dry land increased and was fitted for its 
support. 
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CHAPTER XVIIL 

DvBiNG those millions of years that we should con- 
ceive necessary for the production of the various de- 
posits of which we have given a brief sketch in the 
three preceding chapters, other rocks in a state of 
.fusion have been ejected horn beneath, upheaving, 
overlapping, or forcing their way among, those beds 
which from analogy we refer to an aqueous origin. 
It was at one time supposed that the particular mineral 
compound named granite was peculiar to the lowest 
portions of the rocks composing the crust of the globe, 
that, in fact, it constituted the fundamental rock upon 
which all others had been formed, and was not dis- 
covered higher in the series. This opinion, like many 
others connected with our subject, has given way 
before facts, for we find granitic rocks in situations 
where they must have been ejected subsequently to 
the period during which the cretaceous group was 
deposited, as also in other places, into which they 
must have been thrust at intermediate periods down 
to the oldest rocks inclusive. The mere fact of finding 
granitic rocks high up in the fossiliferous series is, 
however, no proof that the conditions necessary for 
their production have been alike favourable at all 
times, and up to the supracretaceous epoch inclusive. 
We should study the abundance or rarity of the rocks 
in question at different geological periods, and thence 
infer the more or less fiftvourable conditions for their 

2b2 
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production at such epochs according to the general 
nature of the evidence we should thus obtain. When 
we proceed in this manner, we soon arrive at the 
conclusion, that during those periods when the in- 
ferior stratified or non-fossiliferous rocks were formed, 
the amount of granite produced must have been great- 
est ; and when we farther proceed to examine tEe 
differences which may exist between such rocks and 
the various granites associated with them, we find 
that in many there is no chemical difference whatever, 
and in many others one that is extremely trifling. 
As a mass, the various granites and the inferior stm- 
tified rocks bear a close chemical resembliince to each 
other ; as a mass, they are silicates, and are usually 
associated in a manner which would lead us to sup*- 
pose that, at the geological epoch when the whole 
was formed, there were conditions on the sur&ce of 
our planet highly favourable to the production of a 
few remarkable mineral substances. 

In whatever manner we suppose the inferior stra- 
tified rocks to have been formed, time was essential 
for their production ; and as there are many reaisons 
for concluding that a great lapse of time was neces- 
sary for the purpose, we may fairly infer that nu- 
merous masses of granite were included among them 
at different relative periods. Hence we should by no 
means expect to discover constant evidences of force 
when granite is associated with . such rocki?. Even 
considering all the granites so associated to have 
once been in a state of fusion, it is clear that they 
may have formed thick beds as overlapping masses, 
which have subsequently been covered over by mica 
slates or other rocks of that kind ; or they may have 
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ftffoed tJieir way through liniea of stratification^ being 
also those of least resistances. In either case we 
might obtain tabular masses of granite quietly asso* 
ciated with the inferior stratified rocks without marks 
oi Tiolence. That there have been violent intrusions 
of granite among these rocks is, however, also certain, 
since veins of the former frequently cut the latter in 
all directions, and there are sometimes evidences of 
movement, and of the application of force at the 
junctions of the rocks. 

We have seen that fluidity was necessary to the 
figure of the earth, and we have inferred that this 
fluidity was igneous ; hence, therefore, we should an- 
ticipate that, during those periods when the crust of 
the globe first became solid, there would not only be 
*9f large amount of crystalline rocks produced, but 
that th^e would also be a somewhat abundant inter- 
mixture of igneous with aqueous products, when 
water could exist as a liquid on the surface of the 
globe, and assist in producing mineral compounds 
constituting rocks. There is another important cir- 
cumstance to be observed, which is, that whUe pass- 
ages of gneiss into granite can be observed among 
these rocks somewhat cm the large scale, those that 
have been supposed to take place from granite into 
more modem rocks, among which the former has been 
intruded, are comparatively insignificant, if even they 
can be said really to exist. Now if it be supposed 
that gneiss has been to a certain extent an aqueous 
product, a supposition ^hich by no means follows 
from the arrangement of its component minerals, we 
can readily conceive that, in this heated state of the 
whole superficies of the globe« the igneous and 



374 lOKBOVS K0CK8# 

Aqueous products would have a tendency to be mate 
blended Hian when fused rocks were ejected among 
cold rocks or into a coM ocean. 
' There is so much solid matter of a similar kind, 
whether termed gneiss, granite, or by whatever name 
it may be known, in the lowest portions of those rodcs 
composing the visible crust of the earth ; and so many 
deposits are evidently derived from abraded portions 
of it, that we are led to conclude the granitic was the 
form which matter assumed when it first became solid 
On the surface of the earth. It, however, by no means 
follows that granite necessarily extends to great 
depths beneath the superficies of our planet ; on the 
Contrary, assuming the igneous fluidity of the globe, 
we should expect that the substances most readily 
driven to the surface would be those first crystallized, 
afibrding at the same time materials, by abrasion and 
solution, for deposits by water, when that substance 
became an agent in the formation of rocks. Hence 
we might infer, that when by a sufficient radiation of 
heat a considerable amount of the earth's crust be- 
came solid, matter somewhat different from the gra- 
liitic might be ejected tiu*ough any fissures which ex- 
isted, and possibly that such matter might possess, 
under equal circumstances, somewhat greater density. 
Supposing this to be the case, we should consider 
that granitic matter would be thrown up at difiTerent 
periods ; but we should expect that it would Eventu- 
ally become mixed with other matter, originally and 
as a mass situated beneath it, and that it would ulti- 
mately be an exceedingly rare product, except under 
circumstances which should produce the fusion of 
previously consolidated granite, gneiss, or aaalogotts 
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locks. Now this would happen from variations in 
the depth of the line of temperature beneath the 
earth's sur&ce proper to cause such fusion, which 
variations would be produced, in accordance with the 
views of Mr. Babbage, by those in the surface itself 
causing changes in its power of radiating heat. We 
may obviously obtain the fusion and ejection of pre- 
viously consolidated granitic matter by mere local 
causes, but the simplicity of a principle which, when 
coupled with central heat, applies to the whole sur- 
face of our planet, not confined to minor portions of 
it, and which would be productive of so many effects, 
is so striking, that we are led to consider it a power 
capable of causing numerous and important geological 
effects. Let us, for instance, suppose that the liz^ 
of elevated temperature capable of fusing granitic 
matter, passed beneath a mass of gneiss ; that through 
a fissure, produced by fracture from any of the causes 
noticed in other parts of this volume, a sufficient 
quantity of greenstone or any analogous rock was 
ejected, spreading over tiie sur£EU!e above ; the line of 
given temperature, supposing heat to exist in the 
interior of the earth, would rise, particularly if the 
surfiBuse be changed from sea to dry land, and the 
gneiss be fused up to the new line of given tempe- 
rature ; there would, therefore, be a mass of granitic 
matter in fusion ready to be thrown upwards at the 
first period when conditions should be favourable, 
such as a continuance of those causes which produced 
the original fissure, and which subsequently again 
broke the crust of the earth at that point. 

When we regard igneous rocks on the large scale, 
ve are struck with the fact, that while they all 
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appear a iniztare c^ certain alicates, silica itsetf is 
more abundant in the granitic than in the trappean 
rocks, (as greenstones and the like are coonmonlT 
termed for convenience,) at least calculations reqoect- 
xng their chemical composition would lead to this 
Tiew"^. Now if we Infer, and it appears to be a fair 
inference, that granite, con»dered as an igneous 
rock, was more abundantly produced at the earliest 
periods than at any other, we arrive at the conclusion 
that silica was not only very abundant among the 
stratified rocks of the period, no matter how pro- 
duced, but also among the massive rocks of the same 
period, and hence that, during the consolidation of 
the crust of the earth, silicium became one of the 
earliest oxidised substances, and then produced, by 
combination with other substances, the greater amount 
of silicates observable in the solid crust of the globe* 
How silica, after a certain thickness of rocky matter^ 
may diminish in quantity in the direction of the 
earth's centre, is another question ; but if we suj^me 
the matter of trappean rocks, viewed in the mass, to 
have been situated beneath the granitic, and to have 
been expelled in proportion as the latter became soli* 
dified, we should infer that such might be the case. 

While, however, the silica diminishes in trappean 
rodcB, viewed generally, the proportion of magnena 
and lime, particulariy the latter, increases ; — another 
remarkable analogy between the mass of aqueous and 
igneous rocks of two very different geological periods, 
far lime is certainly more abundant among the more 
modem than among the more ancient rocks, viewed 

* Geologieftl Manual, p. 448. 
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•0 masaen of matter. We naturally inquire if the lime 
tibus distributed by dijBferent means over tiie surfiioe 
of the earth, more at one time than at another, may 
not be due to a communication between such surface 
and matter situated beneath it» greater at one period 
than at another ; and whether the consolidation and 
subsequent fracture of the substances which pre«- 
Tiously prevented this commnnication, at least to the 
extent required, may not have been one of the prin« 
cipal causes of such phsenomena. 

The presence of hornblende, a mineral in which 
lime amounts to about 13*5 per cent., and magnesia 
to about 18'5 per cent., is the principal cause of this 
difference in the composition of igneous rocks. It is 
a much more common substance among the more 
modem than aqiong the ancient rocks of this class ; 
not that it is absent from the latter, for granites, 
apparently of considerable geological antiquity, con- 
tain it, and hornblende rocks are found sometimes in 
considerable abundance associated with gneiss, mioa» 
alates, and others of the inferior stratified rocks. 
There can, however, be little doubt, that, viewed in 
the mass, the hornblende and augitic rocks prevailed 
at the later geological epochs. 

Nothing is more conmion among igneous rockn 
than to observe a change of mineralogical structure 
in the same mass, and at short distances. We may 
find greenstone, porph3rry, and sienite in the same 
hill, each passing into the other so gradually that it 
is difiicult to say what name should be applied in 
particular to the mass, and hence geologists find it 
convenient ^ affix some general name to these rocks, 
such as trappean, to avoid the, extreme difficulty. 
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almoBt amouhtiiig to impossibility, of presenting a 
dear idea of their variable structare in a few words.' 
Sometimes this difference in mineralogical structare 
18 more apparent than real, that is, the chemical com- 
position of two igneous rocks may be the same, and 
their mineralogical appearance be different; the ap- 
parent difference arising from the conditions under 
which they have respectively been placed, the one 
perhaps taking a porphyritic form, the other one more 
confusedly crystalline. The more gradually a mass 
of fused rock cooled, the more perfect'we should ex- 
pect to find the crystalline arrangements of its parts. 
Now this is what we do find in experiments, in^r- 
fect as they necessarily are, intended to illustrate 
this' point. When, therefore, veins, such as those of 
granite, greenstone, or any other igneous rock, di- 
verge from masses of the same substances into con- 
tiguous rocks, which have evidently preexisted, and 
have been fractured prior to the intrusion of the ig- 
neous matter of the veins, we most firequendy find 
that the mineralogical arrangement of the constituent 
substances differs in the veins, and-in the mass whence 
they diverge. It is particularly interesting to trace 
granite veins, as may under fiivourable circumstances 
be done, from granitic masses with marked characters, 
such as those of Devon and Cornwall, until the cry- 
stalline character be finally lost ; so that, unless we 
could so trace them, we might doubt the continuity 
of a rock, having perhaps the appearance of a com- 
- pact felspar, with granite, in which the crystallization 
was so advanced that large crystals of felspar, or 
albite, were isolated in the granite by thousands 
within a few cubic fathoms of rock. 
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' It hence foUows that, all other things heing the 
same, the worse the conductors of heat hy which a 
rock in fusion is surrounded, the more crystalline will 
be the structure of its parts, and therefore, assuming 
central heat to exist, and that rocks generally are 
equally bad conductors of heat, the deeper beneath 
the surface of the earth's solid crust a rock in fusion 
may be ejected among others, tiie more crystalline 
would it -become when finally consolidated. It must 
not hence be inferred, as has been done, that herein 
consists the only difference between the various kinds 
of igneous rocks, and ih&t greenstone would have 
been granite if it had taken a longer time to cool. 
Oranites no doubt vary in their chemical composition; 
and so do greenstones, yet they always so differ from 
each other as masses of matter that the one can 
never become the other from mere differences in cool- 
ing. This difference will be apparent if we take, by 
way of illustration, a granite composed of two fifths 
of quartz, two fifths of felspar, and one fifth of mica, 
which may be considered an average common kind 
of granite, and a greenstone, composed of equal parts 
of felspar and hornblende, an average kind of green- 
stone, and observe the differences between their cal- 
culated chemical compositions *. 

Granite. Greenstone. Difference. 

Silica 74-84 54*86 19-98 

Alumina 12-80 15-56 2-76 

- Potash 7-48 6-83 0-65 

Magnesia 0-99 9*39 8-40 

Lime 0-37 7-29 692 

Ox. of Iron 1-93 4-03 210 

Ox. of Manganese . 0-12 ......... 0-11 0*01 

Fluoric Acid 0-21 075 0-54 

* Geological Manual, pp. 448^450. 
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As inferior rocks, whether stratified or unstratified, 
may become fused and thrown up from local causes, 
such as the percolation of water to the metallic bases 
of certain earths and alkalies through cracks in a part 
of the world's solid crust, long unbroken m that par- 
ticular part, or from the more general cause of altera- 
tion in lines of given temperatures from changes pro- 
duced in the radiating powers of the surface above 
them, we are not certain whether trachytic rocks, 
which so frequently appear chemically to approach 
granites, are derived from matter previously consoli- 
dated in the form of rocks, or whether they constitute 
a portion of the original granitic matter that has not 
been consolidated prior to its ejection from those vol- 
canic vents whence trachyte has issued. In some 
volcanic districts trachytic rocks are, as a mass, found 
to occupy an inferior position to the basaltic rocks, 
also taken as a mass. Now we may obtain this re- 
sult in two ways ; inferior granitic rocks or gneiss 
may have been fiised and ejected before the basaltic 
matter was thrown out in abundance; or granitic 
matter may have floated to a certain extent, from its 
inferior specific, gravity on the basaltic matter, and 
therefore, being nearest the orifice when formed, was 
the first to be thrown up through it. In some districts 
trachyte seems little else than granite which has been 
again fused, and having been exposed to different con- 
ditions, no longer presents the appearance of granite. 
Indeed, specimens fromAuvergne exist which are part- 
ly granite partly trachyte, the one structure shading 
off into the other. 

When granitic, greenstone, basaltic, or other masses 
of rock of a similar kind exist on a given portion of 
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the earth's surface, and either from local or more 
general causes gradually become heated beneath, 
more at one point than at others near it, the lines of 
temperature capable of producing a viscous or tena* 
cious* condition of the rock, rising continually though 
slowly upwards, such rocks would bulge outwards 
or be elevated in dome-formed masses; first from 
the increased volume caused by the increase of 
heat more at one point than another, and secondly, 
from the action of any elastic matter endeavouring to 
escape. As trachytic and other dome-shaped masses 
of a similar kind are found in volcanic countries, the 
action of elastic matter endeavouring to escape, and 
assisting or perhaps whoUy causing their production, 
would be in accordance with volcanic phaenomena 
generally. 

Now assuming that a mass of solid matter is ren- 
dered yielding by a gradual increase of heat, and that 
elastic matter is compressed beneath it, when the 
force of the latter can lift the former, the amount of 
the elevation produced will depend upon the power 
of the elastic matter on the one hand, and the yield- 
ing state of the rocky matter on the other. If the 
power of the elastic matter be considerable, and the 
rock yields to it, much would depend upon the man- 
ner in which the latter did thus yield : if it were very 
viscous or tenacious, it might be blown upwards into 
a dome-formed mass, while if it were to a certain 
extent brittle, it would be fractured, and the elastic 
matter escape. As the elastic matter expanded be- 
neath such a dome, it would necessarily become less 
capable of lifting the- superincumbent rock than it 
was in its greater compressed state before the dom^ 
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was produced; and the subfitance of the rock itself, 
composing the dome, being removed from the greater 
heat beneath, would tend to become less yielding ; 
these two causes, therefore, would combine to arrest 
the elevation of the dome beyond the point where the 
various powers should balance each other, and we 
should obtain a result not very unlike those trachytic 
and basaltic domes which seem to have been forced 
up much in the condition we now find them, proper 
allowances being made for the subsequent action of 
meteoric influences upon them. 
' Very different degrees of heat seem necessary for 
the fusion of different igneous rocks, the most refrac- 
tory appearing to be the serpentines, and the most 
fusible the basalts and various lavas. In a general 
sketch like the present, the serpentines and rocks of 
that family may be neglected, even though they occur 
in considerable masses in some countries in a manner 
to leave little doubt of their igneous origin in such 
situations ; for, viewed generally, their collective vo- 
lume is very inferior to the mass of granitic and trap- 
pean rocks. Now the two latter differ considerably 
in fusibility, the granitic rocks being by fax the most 
refractory, so that if we consider the greater mass of 
granitic rocks to have been produced at those early 
periods when the surface of our planet first became 
solid, igneous rocks ejected at comparatively recent 
periods are compounded of more fusible materials 
than those forced upwards at more ancient epochs. 
The presence of a far larger quantity of silicate of 
lime in the trappean than in the granitic rocks, seems 
itie principal cause of this difference. It would, how- 
ever, follow from this difference, that at a given depth 
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beneath the surfiuse of the earth's crust, a certain 
amount of heat would be sufficient to keep trappean 
matter in fusion which would be insufficient to pro* 
duce the same effect on granitic matter, and hence 
that granitic matter couhl not be ejected from such 
given depths, though when the heat was greater, and 
consequently such matter fusible at the same depths, 
it might have been the first thrown out, being of less 
specific gravity and probably nearer the surface. We 
should expect occasionally to discover mixtures of 
trappean and granitic matter, even constituting one 
mass, and these are not unfrequently found, the one 
passing insensibly into the other, the mica, a most 
refractory substance in itself, disappearing and being 
replaced by hornblende, a readily fusible mineral. 
The age of many of these masses requires to be better 
determined than it has been, before we can see how 
far it may affect the hypothesis, that the great mass of 
granitic matter has been ejected at the more ancient, 
and the mass of trappean matter at the more modem 
geological periods. 

When we regard the fossiliferous rocks, we appear 
to find evidence tliat, from the time they were first 
produced, dry land and shallow seas existed. Hence 
we might conclude that during such periods sub- 
aerial eruptions of igneous matter then also took 
place, and that elastil; vapours being also discharged, 
ashes, cinders and dust would be thrown up and 
transported around the igneous vents. From the 
various surface-changes which have taken place on 
our planet, the evidences of any such eruptions are 
necessarily difficult to trace, and would become less, 
viewing the subject generally, in proportion to the 
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antiquity of Hie series of rocks among wfaieh w& aedc 
tliem. There are, however, certain situations when 
we find igneous rocks, more particnhirly tnq^ieaa, 
that appear contemporaneous with those among which 
they occur, that is, they appear to have covered an 
inferior hed, and to have been subsequently covered 
by the tranquil deposit of transported or other matter 
above them ; precisely as a bed of lava may flow over 
a sandy bottom, and afterwards be covered up by a 
deposit of sand or mud* Trappean rocks are, as is 
well known, much associated with the lower parts 
of the grauwacke series in different parts of Europe^ 
sometimes in a manner which leaves little doubt that 
a portion of them has not been intruded among th« 
strata subsequently to their consolidation, but has 
been formed in the manner above noticed; while 
others, again, have clearly forced a passage through 
the grauwacke, sometimes even cutting the former. 
It is frequently interesting to observe that such beds 
of greenstone or porphyry, though. thick in parts, 
fine off among the grauwacke beds by taking the 
character of an arenaceous deposit of comminuted 
trappean matter ; as if such portions constituted 9 
deposit of trappean ashes thrown out at the same time 
that the trappean rock itself was produced. 

We have had occasion to observe considerable ac- 
cumulations of such comminuted trappean matter 
among the greenstones and porphyries of the older 
grauwacke of Devon and Cornwall, not only in lines 
continuous through the general stratification of the 
grauwacke of the district, but also associated with 
them in a manner which might lead us to suspect that 
there had been eruptioiis ej; those spots, either into 
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thie AloioBpbece or kboe^tti sbaUow iftratcr, pemlktmg 
wA^^ to h» thtnwn pp mid jdiflp^iwd; One Jfot* 
BnaitTor, north Irom Ttmetoiek, u parftioulajiT' re- 
taMioMfif as a Qfm|pb>ittera^ tfafire oocurs Mine of the 
eooaftifaifiikt parts of vUch have erer^ ^ip€mnax oi 
yolofnic oimderB, ao iii£ltratie» of aUkseaue und other 
ntatiNN: haFJcig* dunng tiie Jbpee of ages, £Ued Sbhe 
veauolee of the daden. The dip .of the strala in that 
part of tiie oouotry not being so jcDn^erahle aa it 
vsuiHy ie in ti^iedistriet, these beds tsan be traeod for 
aoiKS diitonce, aod are observed to Ine off in a xe- 
naihaUe manner into the arenaeeous tcappean ro<^ 
aboKre ftotieed. Ute country for setend aquais snUes 
afonnd is either .oomposed xxf anenaceojus gramvidke, 
greensteaes, porphyiMB* or the arenaceous tnqapeatx 
substance appacently so like an .anoieaa^ d^sKt of 
Fxdcaadc adues. As Saakn, asocidental circuaittteflices, 
vddflh have no xelaiyEpiBL. to its geHetal geological atntc- 
tiise^ Breat Tor ha&.the apy^earanee of a ydeanic 
point* ndiidi OEnight ie eansideced compavatbely »o^ 
decn, it may foe necessary to state tiuit the vaismMa 
reeks iketieed oan easily be traced into the grau vaake 
of the district, '^th vfhkh they are ei/idently eeso* 

oia/led. 

We hare entered into the foregoing detail merely 
to ehov, tiiat among the oldest fossiliferous rooks 
there afce facts which irould lead us to su{^08e, that 
tbere had been cgections .of igneous matter into itiiie 
atmosphere or be&eadi shallow water, and cobse^ 
quentiiy that we might expect to discover similar f apts 
amoAg the other fossiliferous rodcs, under favourable 
circuti^stances and in different parts of the woild. 

The various fossiliferous deposits have b.een. inter* 

2 c 
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rvplii not only hy these vsod other lftEg«r <j€tftie— 
of jgDOOOft matter, bat alM hy ^ose comparathwlj 
great dulooatioiis of the earth's croat which have jpro* 
dueed xangea of mouotaina, and tilted and contorted 
•trata over large areas, thus altering the condition of 
our planet's sui&oe over such areas, and producing a 
variety of eonaequences, different from those which 
resulted from the prior condition of the same portions 
(^ surface. M. filie de Beaumont considers that he 
can recognise at least twelve principal periods of 
dislocation in Europe, which have been succeeded 
by as many changes in the sedimentary deposits of 
the same area. Without at all entering into the evi- 
denoe adduced on this head, for which we must refer 
the reader elaei^beie*, we ^ould anticipate that if 
mountaln^ranges have originated from any causes 
analogous to those noticed in a former part of this 
volume, they would be eventually found to be more 
numerous, interspersed, as it were, among a great 
nnmb^ of minor dislocations, resulting from a less 
intense exertion of the same forces, such aa that ob- 
servable iq common earthquakes. All the evidence, 
indeed^ respecting thjs latter, shows us that the force 
by which they are produced varies in intensity ; and 
as they are felt in all parts of the worid, as well in 
those situated at distances from volcanic vents, as in 
those in their immediate vicinity, we may fairly infer 
that their cause is situated beneatii the surface of the 
eartii generally, though from local dircumstances they 

* Recherches sur les Revolutions de la Surface du Globe; 
Anaalet dei Sd. Nat. 1829 et 1880. The reader will alao Saii 
an account by M. EUe de Beaumont of hit present views on thi« 
subject, in the French Translation of the Geological Manual) 
ft aie. Pari* 1833, 
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AAy be more inteneelf felt in one part of it tkim iA 
another at different geological epochs, being gene* 
rally mo8t intense where, for the time, volcanic ve&tt 
exist. From the theory of central heat, and that •f 
-water percolating to certain metallic bases of tiie 
earths and alkalies, which may be termed the volcimic 
tlieory, we obtain two* causes capable of prodadng 
disruptions of the earth's solid surface. Such minor 
movements as those termed earthquakes may origi- 
nate from either, while the more general and vast 
dislocations, productive of long lines of mountains, 
would appear referrible to the gradual refrigeration 
of the globe. We should, indeed, expect that vokanie 
action would considerably modify the effects produced 
by these greater disruptions, since conditions Would 
then be favourable to it, volcanos appearing on thfe 
great lines of fracture ; but it does not seem, taken by 
itself, equal to the production of those long lines of 
elevation constituting such mountains as the Himalaya, 
the Alps, and others. 

We should expect to discover the effects produced 
by comparatively considerable disrupticms of strata, 
better exhibited among the more recent states of the 
earth's surface than among such traces of the more 
ancient as those we can obiserve, since the former 
have been necessarily exposed to fewer causes of ob- 
literation than the latter, such as the accumulation 
of strata upon them, and others. Independently of 
the great contortions and fractures of strata so fre- 
quently observable, we find masses of rock of consi- 
derable volume and weight detached from particular 
places and transported long distances. These masses 
of rock are generally known by the name of erratic 

2c 2 
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M>oi»» In Europe we hate at least two accumu- 
latioiis of them produced, judging from their geote* 
gioai position, at comparatively recent periods. One 
att of enratic btocks haa been acaUbered from the oen« 
tral iUpa oultwttrda, on eaxsh side of like chain; the 
oliher Ima proceeded from a noitheiga dtrection aeiuth* 
walrd. How iw tine events which have produced both 
aaotunulations <^ these blockB may have been acfa- 
raited by time from ei£h other, we knew not ; b«t we 
afa-ctortain that the ^feolqgioal epochs t>f boA must 
bare been very recent, ahiee th^y h^th rest oa rocka 
pf Htde comparaetive antiquity. Thatihe pnneipsl 
valleys of the Alps existed neatly as we now see ih&ai 
i^^ars ako Certain^ since the blocks derived item 
fke een^ral chain . have he&a. borne down t^uongb 
them, leaving abundant evidences of their tpaaqpoit 
on their sidea, while the prtnc^)al accumulations are 
in front of such vall^s* M. filie de Beaumont has 
suggested a Tery simple ^c^aaation Of the trainqport 
of the Alpine blocks. He supposes that duruig th^ 
}ast elevating movement which took place in the Alps, 
the heat evolved from the necessaiy fissures suddenly 
mfidted 4iie snows which previously eaisted on these 
mountains, and by these means a lacge 'body of >rater 
^«s .produced, ivhich swept the blodcs thcough the 
vallQys.uito those siteations where we <now find them. 
If to this we add 'the probability that the glaciers (sup- 
posing the neceasary height of the mountains^) woidd 
be covered as -now 1^ multitudes of blocks* wetoerlaisty 
obtain, by means of this reatfy mode of ti;an8port, and 
lihe sufblen action of a large body of waterrushing down 
the y^eys, a more plausible explanation of the phssno- 
mena observ^, than by tibeaupppeationof a huge jnaas 
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oi water orerwhekaing the wliole land, i^luch doe» not 
afford U8 a good explanation of the neaily equal 
transport outwards, down so many principil vaBeyt , 
of solid matter derived from the central parts of tbe 
chain. The only question likely to arise undier ftdB 
hypothesis is, whether the sudden melting of t^e 
Alpine snows, even as they now exist, would product 
a volume of water sufficient to cause the effects ob- 
served. In some favourahte situations, such, for in- 
i^tance, as the Monte San Primo, rising above the 
Lake of C(»io, there is evidence of a tumultuous de^ 
posit of these blodcs ^^h smaller detritus, 'the wli6le 
being mixed pell-mell together ; in otiiers, again, wd 
find only large blocks, as on the Jura, perched in llneii 
high up the sides of mountains. M . fiHe de Beaumbnt 
has shown that in the valley of the Durance the blodkei 
deerease in volume and become less angul»^ as they 
recede ftom the mountains behind Gap, until the tnms* 
ported matter dimini^es to the pebbles eonsfilnting 
tiie wide extent of conntry known as the Crau. ^milat 
facts are also observable down other valleys. Perhaps 
in the loess of the Rhine we may trace the remains of 
sdil finer ^detritus, which has accumulated to the 
depth of 200 or SOO feet above the valley, and bears 
evident marics of sudden transput. This supposition 
is rendered more probable by the abundance of Alpine 
pebbles discovered resting on various rocks, where 
the loess ceases in the higher parts of the valley of 
the Rhine, and which have apparently been accumu- 
lated by a sudden rush of water down the valley. 

The other great accumulation of erratic blocks seems 
due to some more general cause, since not only are 
the blocks scattered in great abundance over Northern 
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Ikiriip^i ia |i mamM^ to show their iiortiheni origui^ b^ 
those n^lkich occur in the northern parts of Ameraea, 
^perently in equal abundance, also point to a similaf 
«ligin *, We hence infer that some cause, sttiuii»d 
kl.^e polar regions, has so acted as to produce Ais 
di«porsion of solid matter over a certain porticm of th« 
earth's surface. We know of no agent capi^le of 
ommg the effect required, but moving water. We 
tlg^efpre further infer that some cause has produced 
$Sk aetion of water in the polar region? which has 
aeiltteced blocks of rock outwards from a somewhat 
central situation. Now, if mountains can be prodne^ 
in the manner noticed in a former part of this volome, 
there is no reason, that we axe aware of, why a sod* 
den Novation of land should not be produced b^ieath 
th^ polar seas as in any other part of the earth's 
surftiee, and if such elevation were so produced, the 
necessary consequences would be a wave or waves 
propcfftioned to the disturbing force. Such waves 
would necessarily tend to float the northern glaciers 
with their usual burden of blocks of rock, lifting them 
to the southward ; but their principal action would 
be felt where they reached the coasts, and &e wav^ 
from being little more than great undulations of water, 
becfMEne huge breakers, acquiring a violent forward 
laotion, and a consequent abrading and transporting 

• Professor Hitchcock has presented us with a very detailed 
$.nd vahiable account of the erratic blocks in the state of MasH*. 
chusetts, (Report on the Geology of that State, p. 141 to p. 171. 
Amherst 1833.) where, with detritus of minor volnme, named 
diluvium, they occur in considerable abondane^. The proofe lie 
affords of the general northern origin of the whole transported 
mass are highly satisfactory, coinciding with the evidence afforded 
by the researches of Dr. Bigsby, Messrs. Lapham, Jackson, Alger, 
ji^nd others, in various parts of North America, 
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powm.yAiA can be well appreciated what it is te- 
oottBoted tloA Hiow rdalively minute wavee yAMi 
hMttk'Oii coaeto daring gales of wind liaye ^bt powtr 
to -deatey large solid pieces of conpaet masonry,* atkd 
to kmrl the diiBgcnnted- fragments before them. The 
effects obseived would correspond with this kypotiie^ 
ills, for all the blocks have not come from great di- 
stances : they have been detached from various points* 
Miiay erratic blodis in England can be traced nort&- 
#ards to their psrentrodcsin the Britah Islands, and 
Proi. ffitchcodc has shown that the like can be done 
in the United States*. The great mass of blocks 
seattered in sudi abundance over parts of Germany, 
Sweden, Poland and Russia, are evidently derived 
from rocks known to exist to the northward of them, 
tlieir aiineralogical and other charactets being suffi- 
ciently mttked. Many of the effects whidi wvuld 
hs produced by the breddngof such waves wffi be 
ebvtous ; among the rest we should expect considera^ 
Ide local accumuialions of rocks derived from difierent 
^[uarters. Hiis seems to be well shown in the dBn«> 
vhmi of Hold^mess, on the coast of Yorkshii!e, wherein 
a0cording to Mr. Phillips, a day envelops variovn 
fragments of rooks, apparently dmved from Norway, 
-the highlands of Scotland, the niountains of Cumber^ 
land, and from Yoricshire itself, whHe no small par* 
tion seems to have been transported from the sea- 
coast of Dmrham and the vicinity of Whitby ; the 
fragments being rounded in proportion to the distance 
whence they were derived. 

As a whcde, we may consider the facts connected 

* R eport on the Oeology, 4lrc., of Mawadraaettt, Jrt, DBwinaii 
Amhent U33. 
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wltlt dmtie blocks higidf impcirtaiit, whatever tteory 
w^ m&j tiivpti and wkiok sludl ftt dte «uiie time «f- 
^vd $ Mr expianation of the observed fhsBoomauL, 
since tfaej teadi us, in eonjonctkm with those hvgs 
eontortme of rtrtita, and the gtest &k>catlens of 
rocks so often obsorsible, ^at white we dnly appre'^ 
oiat^ the coatinaed And more tranquil gedogieal 
efiecti we daily witness. We shoold not neglect those 
other eiiesotSt'wfaiohf though af^ax^eniiy gpreal when 
moaffned by tiue ideas oanunanly eufeertssned oa such 
snh^eets, or by the elfedts prodnoed by minor inten- 
sities of the samb farcea, are yet oirin^aratively insig* 
jrificant '!j^hen <N»isidered with Minrence to the sphe* 
.roid aa^ tho 8«rfi»e of wUeh thoy ooeor. 

.■ Ill ■■ ■ ■■ 



ReoBot astroflKMnieal researches have rendered it 
extremdiy probable, indfeed aksoat certaki, that the 
■planets moifo through a reskting nnsdivm. Asamning 
thtt to faetnie,it follows that all such bodies with 
their attendant satellites most eventually fall into the 
eon ; and conseqiaeaitly that there is no real stabflity 
in the solar syef^in, it being one of constant though 
quiet and loag^oontinued change. Myriads of those 
revolutions d flse earth toond the son by whioh nuui 
measures long periods of time may elapse before a«r 
globe ceases to move as a planet ; but if this resists 
ing mediiun does exist, imd the general course of 
events is not interrupted by an eztraordinaiy oause, 
it must ultimately oonstltate a portion of the oon, it* 
self probably moving among o^usr bodies of tfqual and 
hunger volui^e/and destinedi fbv aught we know, to 
merge with others like itself into s<mie greater mass 
of matter. 



We cannot cttnteiaplAte thk ttrminatioii 1» tlie ex- 
iafbmce ai tiie earth wMioiitpefoeli4figliiat« 8l<yirbfit 
oertMB change in the condition d it» suriaee must of 
necesrity foMotr, eren •nppeeing that no canse of 
change exiata in tlie earth itself. All animal and re* 
getabie life now existing on the globe ie iftost bean* 
tifoily itc^usted, as Mr. WhewM mfotdlAj expfressen 
it *« to the conditions nnder which it is placed. Itmttj 
be pnibabW that a laige portion of existing animd and 
vegetable life might accotnoiodafe itself to a certain 
amoant of eiiaiige; bat tiiere would evidentiy be t 
lianttd this power of atepttl^n, and sneh hh, suted 
to given conditio as, must perii^ when those eonditioni 
no longer exist. It is obvioits l&at, when the orbit 
of tl» E«r^ became no greater than that of Venus, 
great chaoigv of con<Mtien» would be effbcted on its 
stufaee, and that thore Woidd be still greater when its 
orbit became less, so that If it were covered with Kfe 
as we should anticipate it wonld be, we should infer 
thai ancli life most be accommodatBd to the new eon- 
dltioBs under whicii it weald be placed. And we caft 
as teadiljr oenceive the exisitenoe of life se adapted, as 
that animals and plants have been created to lire in 
tiie presttit hot and eold vegionjieltiieearth'^s surface 
respeetiTelj', and ^ioh would perish If removed from 
the ooilditiQns to wlseh tliey have been adjusted. 

The pvobafaSity of future change from external 
oa&tes leads as to look back on that which geologi- 
eal i^MBiomena attest has already been produced on 
the aorfaoe of tbe earth. Whether we consid^^ wHh 
La Place, ttet onr solar system is a condensation ol ne- 
bnloos matter, resembling those manocs which astre- 

* ilffdfieatM TMstiM i On AttrsMoaiy ftndO«Henl FliyiieA. 
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nomen have shown ua to tKiat m vaxJom porlSom 
of the vast regioiiK of 8pace» the planets and- Iteir 
satellites having been separated from the principal 
part of the mass which now eonstitntes the son ; or 
that the sun, planets and satellitds were originaQy 
cceated in those lektive situations where we now 
observe them» existing knowledge leads us to infer 
that liquidity was necessary to the figure of the earth, 
and that great heat was necessary to siiich liquidity. 
As fur as we can perceive, we should perfecliy agree 
with Mr. Whewell in considering that the evidence of 
dengn would be quite as great, if gaseous matter had 
by condensation produced the solar system, as if it 
were created such as we now find it. There is, how- 
ever* this difference between the hjrpotheses, the far" 
ausr presents,uB with a hx more noble and splendid 
view of the great S3r8temof tiie universe than the ]at« 
ter, and is therefore one whidi, d priini, we should 
feel more disposed to adopt. 

If the earth were one fluid, and its fluidity dne td 
the action of heat, it follows, from the figure of tiie 
:globe and the known laws of heat, that its surfeee 
would by radiation beeome solidified, and even ooni- 
pantively cold, while intense heat still prevailed in 
the interior. We have direct evidence by ascendin|; 
in our atmosphaw that heat dtoreases upwards ; and 
the calculations of Fourier and Svaabetg, made iipon 
different principles, afford a temperature of about 
-^58° Fahr. for the planetary spaces. A time must 
thnefore arrive when the surface of the earth, ^exposed 
perhaps for millions of years to this temperature* 
would become ccm&parativelycold, if even we 8iq>piose 
the heat contained in the mass of the globe itidf 



|o lifi^e ofioe been sufki^tly inteiwe to cauae a 
gimeotts «tate of all the oiatter contaiiied witkdn it. 
Namarous chexnical combinatioiia would be gndsaaSlif 
affected, and finally, the surface would be flo cmmia- 
stuneed that it would depend upon the influence of 
the flun for a temperature beyond that it would other- 
wise pofisesB, and consequently would be warmer in 
the equatorial than in the polar regions. 

fVom our knowledge of the matter composing tiite 
visible portion of the earth, we should infer that a 
decrease generally in the heat of the globe would 
produce a diminution of its volume, and hence that 
the velocity of its movement would be increased. 
This alone would afibrd a cause of chalige affecting 
life on the surface of the earth ; but when we couple 
it with a gradually diminished sur£Euse temperature 
ansing fiom interior causes, and the consequent in- 
creased influence of the solar heat on the one hand, 
and the action of the low temperature of the plane* 
tary spaces on the other, we obtain a series of con- 
ditions which would seem to render it almost inq[)os* 
sible, consiBtently with the constant a^ustment of life 
to situation which we everywhere perceive around us, 
that any given set of animals or plants could continue 
to exist through all the changes which of necessity 
would be produced. Now the evidence derived from 
the organic remains entombed in the fossiliferous 
rocks, shows us that a great change has been efiected 
in the animals and plants which have existed on the 
earth during the great lapse of time required for their 
deceit. Slight oscillations, as it were, may perhape 
here and there be eventually discovered, when the 
jeoik>gical structure pf the earth's surface shall be 
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more extenBit^ely explored, animakaiid ftaitsliftviii^ 
eentiftued tei exist in some situaliions longer tban lA 
otiier»; but il does not Appetar in the least proboliie 
^^lAt^ present evidence, indieatiire of a great ayBtem 
ei elMUnge in anifltal and vegetable life, sinee su^ I3e 
^odsted on this planet, viH be vkiated by new cBseo- 
¥eiies of this kind. 

We are far from inferring that numerous genial 
lonftSi particularly those of BtoIIascs, discovered 
among the more ancient fossililerous rocks, have not 
been c<mtin«ed to the present day ; bnt, viewing the 
subject on iMut large scale, we consider tiiat exn^g 
evidence points to a great system of change, generally 
as respects species, and fi^uently as regards genera, 
Irotn the ancient state of animal and vegetable life to 
that BOW known to us. Neither do we aiii^>ose that 
miner changes may not have been somewhat suddenly 
prodneed ; indeed the occurrence of extinct species of 
atdmals with their flesh preserved, incased in ice or 
ftoaen itind in the polar regions, and analogous t6 
genera which now exist in warm countries/ such as 
the elephant of the Lena and the rhinoceros of t^e 
Wiltlji, (spedes moreover which must have existed, 
|tidgi<kg ^m their fossil remains, by tikousands over 
various poitions of the northern hemisphere,) a|^)ear6 
to be sufficient evidence of this fact. 

The eridences of change are, however, not cimfined 
to organic structure ; the earlier rocks difier as a mass 
ftom those produced at later periods, also taken as t 
inass. The principal chemical difference between 
them consists in the extreme rarity of carbon in the 
former, and its comparative abundance in the latter, 
while «iie amount of lime is ftir greater inHie motf 



moi&m. Aeok miAoog the ^ore ancient strata. Theiem 
are al^o oUier Sffegenoe^, but the eu>9t striking cdb* 
illnts m. the absence of ^Bigaiiic remains in die one* 
while the other teems witdi these evidences of pne- 
exiBting hh, ^ten indeed to SMch an extent, that if 
such ezMvifls wese abstracted irowx the fossiiifenms 
vocks generadly , a great dimintttion of their tsoUeedw 
volume would be tiiieoted, 

Jj^asuring time as man does in the minute foaimer 
suited to 'his wants and conyenienioeSf a few thnnsand 
xevcdutions ef the eartb in its oibit appear to ham to 
eoB^xrise a peiuod so conaidexable* that be feels it 
diffi<tnlt to conoeiye ^at great Ia{>se of time whftdi 
geology teaches us has be^ai necessaiqy^ to prodMDe the 
present condition of the earth's surface ; and which 
when we even take some great astronomical period 
as an unit, we still find it impossible to express. That 
man is a comparatively recent creature on the sur&ce 
of the earth, all geological evidence tends to prove, 
since neither his remains nor his works have been 
detected except in the most recent deposits. From 
all analogy we may conclude that he was the first 
creature possessing any extended amount of intelli- 
gence which has existed on this planet. What new 
creation may supply his place, when, if the theory of 
a resisting medium in the planetary spaces be true, 
as it appears to be, conditions shall arise under which 
he cannot exist, it is of necessity impossible for us to 
form the most remote conception ; but that he must, 
constructed as he now is, disappear from the surface 
of this planet, as other creatures have disappeared be- 
fore him, should the external causes we have noticed 
be true and continue uninterrupted, even supposing" 
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no change to be produced by internal caoaes, seemf 
certain. Conustently with that wisdom and design 
so observalde in all the woAa of creation, we should 
infer diat, so long as it were possible for life to exist 
upon it, this globe would no more revolve in space 
without some modification of life on its surfiice, than 
we can conceive the earth to be the only planet on 
which life exists. We may therefore conclude, that 
whatever changes our planet may suffer, either from 
external or internal causes, aAd the necessary con- 
diticms exist, life will be created to suit those con- 
ditions, even after man, and the terrestrial animals 
and plants contemporaneous with him, may have 
ceased to live on the sur£sce of the earth. 
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Table of the Situations and Depths at which recent 
Genera of Marine and Estuary Shells have been 
observed. By W. J. Bbodbrip, Esq,, F.R.S. 
V.P.G.S., SfC. 

My friend Mr. De la Beche having requested me to form 
this table confining it to the situation, depth and hottom 
where marine and estuary shells have been observed, with* 
out regard to their geographical distribution, I am desirous 
of acknowledging the assistance which I have derived from 
Mr. G. B. Sowerby and Mr. Cuming. The information 
contributed by the last-mentioned gentleman is especially 
T.aluable, in as much as it arises from personal observation 
made during the voyage which has so much enriched this 
branch of Natural History. Still, notwithstanding these 
aids, I could have wished to have delayed the publication, 
till it had assumed a form which might have rendered it 
more complete and of more Geological value. 

When the cross (+) occurs, it indicates that the depth is 
either unknown or that the information respecting it is 
deemed unsatisfactory ; when appears, it denotes that the 
genus, after which it is placed, is found, sometimes, at or 
near the surface of the water. 

Annelids* 

Serpula (including Vermilia and Galeolaria, Lam»), Ge- 
nerally littoral, attached to rocks, stones, shells^ 
crustaceans, corals, and other marine bodies. 

Spirorbis. On sea-weed, shells, &c.; and nearly in the 
same situations. 

Sabella. CoastSj and on shells, &c. ; generally in shallow 
water. 

Terebella. Nearly the same situations. 
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Dentalium*. Sometimes in deep water, frequently near 
the shore. 

Cirrhipeds, 

Pollicipes. Generally adheriu? to rocks in shoal water. 
Pentelasmis. Attaeweil to row, te. I frequently found 

floating far at sea on driftea timber, net-corks, 

lanthins, glass bottles, and also adhering to the 

bottoms of ships. 
Scalpellum. Adhering to corallines, &c. ; generally near 

shores. 
CkioB. Adhering to rocks, avid occasionally to floating 

bodies ; has been found attached to Coronule. 
CittVM. Nearly the sanie habits ; there is a group in the 

Museum of the College of Surge9i>9 udheiing to 

the tail of a water serpent. 
Liihotrya. Adhering to the bottom of a deep regular ea- 

Tity, apparently the work of the animal, in roeks. 
&laii|tt. On locks and shells at a depth -ranging to ten 

fiithoms ; affixed to bottoms of ahips and other 

floating bodies. 
Ootometis. Attached to rocks. 
Cofllft. Affixed to stones, rocks, shells, ficc. 
Ctflopfaragmus. Attached to Conia, most probably ^milttr 

liabits to those of that genus. 
Clitia. Coasts, on shells, &c. 
Tttbidnella* imbedded in the blubber of whales. 
Coronula. The same. 
Chelonobia. On the backs of sea-turtles ; adhering to, and 

sometimes andmred in the tortoise-shell. 
Acftsta. In sponges. 

CreiMia. \ imbedded in corals. 
Pyrgoma./ 

* The observations of Savigny and of Deshayes lead to the 
conclusion that this genus spproadies very closely to the Mol- 
luskSf if indeed it does not belong to them. Covier, in the last 
edition of the Eigne Animal, where he places Dentalium among 
bl« Annlflides Tubicoles not without hesitation, thus writes: "Si 
I'opercttle rappelle le pied des vermets et des siliquaires, qui d^ji 
ent htk tmnsportte dans la classe des mollusques, les bianchies 
rappellent beaucoup celle des amphitiites et des t^rebellea. Des 
•bservstioBB ult^rieures aur'leur anatomic, et jMincipalem^it wi 
leur syst^me nerveuz et vasculaire, resoudront oe probleme. — 
torn. iii. p. 107. W. ;J. 3. 
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Conchifers, 

Depth tnFathafnS' Bemarkg, 

Aspergillum ... -f- In sands. Shallow water pro- 
bably. 

Clavagella to 11 In rocks. 

Fistulana -)- Sands or hard mud. 

Septaria {Lam,) -}- £xposed by volcanic action on 

tne coast of .Sumatra. 

Gastroehsna ... 3 to 10 .In the inside of other shells, or 

in ready-made cavities in 
rocks, or in cavities of rocks 
perforated and lined by the 
animal. 

Teredo to 10 Perforates wood; most destruc- 
tive to piles, dikes and ship* 
ping. ' 

Pholas Oto 9 Pierces wood, rocks, indurated 

clay, &c. 

Xylophaga to 45 Perforates wood. A specimen 

thrown, up at Gravesend in a 
piece of stick. 

Petricola to 11 In rocks and shells. In cavities 

of its own working. 

Solen to 13 Sandy beaches, wherein it bur- 
rows vertically, and lies hid- 
den when the tide is out 

Solenicurtus ... Moderate depths. 

Glycymeris Probably the same. 

Mya Beaches, in which It often lies 

buried with its tube just pro- 
jecting. Silt, estuaries. 

Pauopaea -)- Sands, shallow, water. 

Anatina ^ In nearly the same situations. 

Lutraria -f Sands. 

Solenella 7 to 45 Soft mud. 

Mactra to 12 Sandy mud and sands. 

Galeomma ...... -f Coasts. 

Anatinella -f* Sands. Coast of Geylon. 

Crassatella 8 to 12 Sandy mud. 

Pholadomya ... -{- Most probably deep water. The 

only recent specimen known 
(which is in my pollection,) 
2d 
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Depth In Fatkonu, Remorkt. 

was thrown up on the beach 

at Tortola, after a hurricane. 
Solenimya ...... -^ Probably shallow, sands. 

Amphidesma ... to 40 Sands and mud. 

Cumingia to 6 In clay, mud, and in the fissures 

of rocks. 

Corbula to 13 Sandy mud. 

Pandora to 10 Sands. 

Saxicava Littoral. In stones and shells. 

Venirupb......... Littoral. In rocks or sands. 

Pullastra to 10 Sands, or sandy mud. 

Sanguinolaria ... 5 to 13 Sandy mud. 

Psammobia to 13 Sands. 

Tellma 0tol7 Sands. 

Tellinides 5 to 16 Sandy mud. 

Corbis -{- Sands probably. 

Lucina 5 to 11 Sandy mud and mud. 

Ungulina -{- Probably sands. 

Donax to 10 Sands and sandy mud. 

Capsa 5 to 12 Sandy mud and soft mud. 

Astarte to 10 Sandy mud. 

Cyprina + Sandy mud. ^ 

Cytherea to 50 Mud, sands, coarse sands* 

Venus to 50 The same. 

Venericardia ... to 50 Mud and sands. 

Cardium to 13 Mud, sands and gravel. 

Cardita to 13 Mud and sands. Sometimes 

attached to stones. 

Cypricardia -f Sands, and on reefs. 

Isocardia 10 to 20 Mud and sand. 

Cucullsa -{- Sands. 

Byssoarca to 75 Moored to stones and shells. 

Area •• •• to 17 Sandy mud and mud, moored 

to stones, corals, &c. 

Pectunculus 5 to 17 Sandy mud and sands. 

Nucula • to 60 Sandy mud and sand. Estuary 

and open sea *. 

^ According to Mr. Cuming, the same species of this geniu 
vary much in the depths at which they live ; for he found N. 
euneata from 14 to 45 fathoms ; N, obliqua from 14 to 60 fathoms, 
and N, Pitum from 1 7 to 45 fathoms. W. J. B. 
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JOepih in Fatkamt, Mmfifit** 

Tngonia 6 to 14 Only yet discovered near 4ui- 

tralia, sandy mud. 

Myochama On Trigoniae. 

Chama to 17 Affixed to rocks, stones and' 

shells. 

Cleidothaerus ... The same. Shallow water. 

Tridacna to 7 Moored to rocks, and on coral 

reefs. 

Hippopus ^o 7 Moored to rocks. 

Modiola to 17 Littoral. Moored to rocks, 

stones and shells *. 

Mytilus Littoral. The same, and on 

Crustaceans, shells, &c. 

Lithodomus .••••. to 10 Littoral. Affixed at first h^ 

byssus to rocks, which it 
subsequently penetrates, and 
remains ever afterwards in' 
the carity. In shells. 

Pinna to 1 7 Sandy bottoms, moored- by bys- 
sus. 

Crenatula -f In sponges, and moored to cq- 

r^nes, &c. 

Perna OtolO Littoral. Moored to mangrove 

trees, corals, &c. 

Malleus to 7 Moored by byssus to rocks, &e. 

Avfcula to 20 Moored to mangrove trees, co- 
rals, shells and rocks. 

Meleagrina to 10 Moored by byssus to rocks. 

Pedum -{- Attached by some substance to 

rocks. 

Lima to 30 Moored by byssus. 

Pecten to 20 Sands, sandy mud and mud. 

Pllcatula 4 to 11 Adheres to stones, shells, &c. 

Spondylus •.,... to 17 Attached to rocks, corals, &c. 

Gryphsa Shallow. On gravel and sand, estuaries. 

Ostrea to 17 On gravel and sand, estuaries 

and sea. Sometimes attached 
to rocks, trees, &c. f 

* Modiola discors floats free, enveloped in its own silky byssus. 
One Modiola lives in Ascidise, and another floats among the Gulf 
or Sargasso weed. W. J. B. 

f There is in my cabinet a good-sized crab, on the back an<^ 
claws of which are many oysters. Some of the latter are vf 

2n2 
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3eplk In Fatkoms. Remarki. 

Vulsella + In sponges, &c. 

Placuna -f- Sanay bottoms. 

Anomia to 12 On oysters and other shells, 

rocks, &c. 

Placunanonua... 11 to 17 Sandy mud. 

Crania + On stones and shells. Brought 

up with corals in th^ Medi- 
terranean, and by cod lines 
off the coast of Shetland. 
Probably very deep. 

Orbicula to 17 Attached to stones, shell?, sun- 
ken wrecks, &c. ; sandy mud. 

Hipponyx to 16 Attached to stones and shells. 

Terebratula 10 to 90 Moored to rocks; shells, &c. 

Thecidiuih Among red coral. Tuscan seas. 

Lingula ' to 17 Has been found at half tide in 

hard coarse sand, from four 
to six inches below the sur- 
face of the sand. Coral sands. 

MOLLUSKS. 

Hyalea + Swims freely in the waters. 

Chiton to 25 Creeps on rocks, stones, &c., to 

. which it adheres. 
Calculus (Pileop- to 20 Creeps on, and adheres to, shells 
sis, .Lam.) ... and stones. 

Scutella Coral sand and sandy beaches. 

Patella' to 30 Rdcky coasts and stones ; sea- 

.weeds. 
Pleurobranchus. -)- The same. 

Umbrella + Th^ same. Littoral. 

Parmonhorus ... + '^^^ same. 

Emargmula to 11 The same. 

Siphonaria + The same. Littoral. 

Fissurella to 25 The same. 

Cdyptrsea to 25 Rocks, stones and shells. 

Crepidida*. 0to4(X~The same. Sea coasts, estua- 
ries, tidal rivers. 
Bulla \ Afy^io / Sands and sandy mud. £s- 

Bullsea/ '"• " to i^ ^ tuaries. 

large, and must have been from six to seven years old. The crab 
and oygters were alive, iflkeh the specimen was brought to Loti- 
d«ii. W. J.B. 
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Depth in Fathotiu. Bemarkt. 

Aplysia + Adheres to rocks. 

Dolabella 6 Sands. 

Melania Estuaries. Also fresh water. 

N erita Litloral. Creeps on rocks and 

sea-weed. 

Natica to 40 The same. Mud and sandy 

ihud. Estuaries. Tidal rivers. 

lanthina Floats freely in the ocean. 

Sigaretus 5 to 15 Sand. 

Storaatia 7 On melea^na and corals. 

Haliotis Littoral. Adheres to rbcks, &c. 

Soissurella -f 

Tomatella Shallow. Creeps on sands, leaving ftir- 

rows. 

Pyramidella. t6 12 On coral i^efs, sandsj and sandy 

mud* 

Vermetus to 12 In sponges. Under stones, on 

shells. In coral sand and 
sand. 

SlHquaria' 4- Has been found in sponges. 

Magilus -f In corals. As the coral in- 
creases in volume, the animal 
secretes a tube,- which is al- 
most crystalline and very 
diick, so as to-keep'iheaper^ 
tbre coequal with- the suiface 
of the coral. 

Stylifer -f BuSrrows in the rays- of Starfish, 

i£hd found on- Echinus, &c. 
Littoral. 

Scalaria 7 to iS 'Sandy mud. 

Risjoa -f Coasts and shores. 

Delphinula -f Creeps on* rocks and sea^ weeds. 

Solarium Littoral. On rocks anti weeds. 

Rotelta -f Probably the same. 

Tr6^hfti to -IS* Creeps on rocks* and sea?-#e^d8, 

, . ^and, sandy mud atid graVel. 

iflonodtfA ^ On rock^ and weediS. 

Littorina Th6 same. Littoral *. 

• Litfyrina pAlchrd haSs been fotand on mangrov* trees 14 feet 
ai^oVe the wrftifr. They ha^e also befeii JLepi alivtf s5x montb* 
without water. — Cuming, W. J. B. 
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Turbo to 10 On rocks and weeds. 

Planaxis Littoral. Under stonies. 

Phasianella Shallow. Islands, coasts and estucuries. 

Turritella 5 to 20 Sandy mud. 

Cerithium to 17 * Found on various bottoms f. 

Estuaries. 



Potamides 

Pleurotoma 8 to 16 

Turbinella 0to18 

Cancellaria 5 to 16 

Faaciolaria to 7 

Fusus to 11 

P)rrula to 9 

Struthiolaria ... + 

Ranella Otoll 

Murex 5 to 25 

Typhb 6 to 11 

Triton to 30 

Rostellaria ...... + 



Estuaries. Also freslv water. 

Different bottoms. 

Sandy mud. 

Sandy mud. 

Mud. 

Mud, sandy mud and sand. 

The same. 

Different bottoms. 

The same. 

Sandy mud. 

Different bottoms. 

A specimen brought up in the 

mud lying on the fluke of an 

Jndiaman's anchor in the 

Straits of Macassar. 

* As yet only noticed as liltpral. 

* Probably different bottoms. 

* The same. 

* Littoral. Coarse sand. 

* In sands. 

* On coral reefs and rocks. 

* The larger proportion of the 
species of this genus are lit- 
tdraL 

t All those genera distinguished by an asterisk, prefixed to 
the remarks, may be considered as roaming in pursuit of living 
prey or dead animal substances; and though they may occur at 
various depths, and in or on various bottoms, yet they are almost 
without exception found either on or near the shore or in sound • 
ings. The majority penetrate the shells of conchifers by means 
of an organ which makes a hole as truly round as if it had been 
cut by an auger, and then suck the juices of the victim. 

At least one species of the genus Cerithium is exceedingly 
tenacious of life ; for C. telescopium, sent from Calcutta to Mr. 
G. B. Sowerby in sea water, lived out of water in a small tin box 
for more than a week. 



Pteroceraa ...... + 

Strombus to 13 

Cassidaria -f* 

Oniscia -j- 

Cassis 5 to 8 

Ricinula + 

Purpura to 25 
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Depth in Faikomt. Remarki. 

MoDoceras to 7 * On rocks. * Nearly all the 

species littoral. 



Coneholepas ... 

Harpa 5 to 11 



Dolium + 

Nassa to 15 

Buccinum to 10 

Trichotropis 10 to 15 

Ebuma -|- 

Terebra to 17 



Columbella to 16 

Mitra to 17 



Voluta 7 to 14 

Cymba Shallow. 

Melo Shallow. 

MardneUa to 9 

Ovulum Oto 11 



Cyprsea 



Terebellum 
Ancillaria 






Oliva to 12 



Only yet known as littoral. 
Caught by fishinff-lines. More 
frequently by rakes, when out 
to feed early in the morning. 
On reefs. 

Sand, sandy mud, and under 
stones. 

Greater part of this genus 
littoral. 

Bay between Icy Cape and 
Cape Lisbon. 
Sandy mud ? 

Sometimes creeps on reefs out 
of the water, but within reach 
of the spray. 
Sandy mud and mud. 
Reefs, sandy mud, sands. 
One species brought up at- 
tached to the lead line in the 
Mediterranean. 
Sands and mud. 
The same. 
The same. 
Sand, sandy mud. 
Under corals and stones, on 
sea-weeds. 

Littoral. Under corals and 
stones. 

One species dredged up in 
moderately deep water. New 
Zealand. 

In mud, sandy mud, coarse 
sand, &c. Caught by fishing- 
lines. 

Sandy mud, &c. 
On coral reefs. 



Conus to 17 

Conohelix -i- 

Conovulus Shallow. Marine and estuary. 

Nodosaria Littoral. 

Spirula Floats on the ocean. 
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JDefth in FaUumu, JUmarkt. 

Cristellaria ...... Littoral. 

Orbiculina Littoral. 

Nau^lus • Free swimmer jand creeps on 

the bottom. 

Argonauta Free swimmer. 

Carinaria Near the shore. 



THE END. 
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